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TESTS  OF  CONCRETE  AND  REINFORCED  CONCRETE  COLUMNS 
T.  INTRODUCTION 

Concrete  as  a structural  material  had,  as  is  well  known,  an  extensive 
use  for  structures  and  parts  of  structures  before  the  value  of  iron  and  steel 
imbedded  in  it  as  a reinforcement  was  discovered.  The  great  advantages  of 
concrete,  such  as  stability  of  characteristic  properties,  rust  proof  and 
fire  proof  qualities,  its  mobility  and  the  ease  with  which  it  can  be  made  in 
any  desirable  form,  ogether  with  the  rapid  development  in  the  manufacture 
of  Portland  conen^  and  a corresponding  decrease  in  cost .has  made  concrete  one 
of  the  most  economical  materials  of  construction  of  the  present  day. 

Although  concrete  has  been  successfully  used  for  some  time,  and  of  late 
years  the  use  of  reinforced  concrete  has  proven  a success  wherever  it  has 
been  used  with  good  engineering  judgment , the  theory  underlying  it  is  not  yet 
'.veil  established. 

Nithin  the  last  year  or  two  hooped  and  spiral  reinforce  l columns  have 

coffs^^cA’ono^  many 

begun  to  take  a place  of  prominence  in„  large  buildings.  Accordingly  the 
series  of  column  tests  described  in  this  thesis  was  undertaken  with  the 
hope  of  contributing  a small  addition  of  original  and  semi-original  data  to 
the  yet  limited  stock  upon  concrete  columns.  Columns  10  ft.  l^>ng  by  12  in. 
and  9 in.  in  diameter  were  chosen  as  the  principal  specimens, together  with 
15  in.  cubes  as  auxiliary  specimens.  A great  many  tests  have  been  made  upon 
small  specimens,  such  as  cubes,  cylinders,  and  small  columns,  but  up  to 
the  present  time  comparatively  few  tests  have  been  made  upon  columns  such 
as  would  be  used  in  orlinary  building  construction. 

A series  of  tests  was,  therefore,  planned  which  ?/ould  gi,re  (1)  a more 
accurate  knowledge  of  the  behavior  of  concrete  columns  in  buildings  than 
could  be  obtained  from  the  smaller  specimens;  (5)  some  data  upon  the  action 
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ani  value  of  steel  hoops  and  spirals  as  a reinforcement  for  concrete  columns. 
Accordingly , there  were  three  series  of  test  columns  made,  plain,  spiral  ani 
hooped  concrete  columns,  ^'ith  these  three  series  it  is  thought  that  com- 
parisons may  be  made,  and  conclusions  drawn,  that  will  give  some  knowledge 
of  the  stress-deformation  relation  existing  in  a reinforced  concrete  column 
which  will  be  not  only  interesting  to  the  theoretical  man  but  of  practical 
value  to  the  builder  as  well. 

For  reference  * a few  of  the  column  tests  that  have  been  previously 
made,  will  be  mentioned.  Up  to  the  present  time  there  have  been  but  three 
previous  series  of  tests  of  columns  of  similar  size  to  the  ones  described  in 
this  thesis. 

A series  at  the  Massachusetts  Institute  of  Technology.  ' These  columns 
were  8 x 8 in.  and  10  x 10  in.  in  cross-section  and  v/ere  all  reinforced  with 
rods  parallel  to  the  vertical  axis.  The  lengths  of  the  columns  vrere  G,  18, 
and  17  ft.  They  were  made  in  a vertical  position  and  tested  in  a hori- 
zontal machine.  A second  series  of  column  tests  was  made  at  the  Uatertown 
Arsenal.  These  tests  were  carefully  made  and  perhaps  compare  more  favorably 
with  University  of  Illinois  Engineering  Experiment  Station  teste  than  any 
other  that  have  been  made.  The  third  series  of  tests  was  made  at  the  Univer- 
sity of  Illinois  during  190G  and  are  reported  in  the  thesis  of  Mr.  R.  C. 
Llewellyn,  *06,  ani  in  Bulletin  Uo . 10  of  the  University  of  Illinois  Engineer- 
ing Experiment  Station.  These  tests  were  made  on  the  600,000-lb.  Reihle' 
vertical  testing  machine.  Three  series,  of  columns  were  made,  plain,  and  two 
systems  of  longitudinal  rod  reinforcement . All  columns  were  made  square  in 
cross  section,  and  were  of  two  sizes,  12  x 12  in.  and  9x9  in.  The  lengths 
used  were  G,  9,  and  12  ft.  The  only  experiments  that  have  ever  been  made 
upon  hooped  columns  previous  to  this  time  were  +hose  made  upon  small  speci- 
mens by  M.  Considered  so  far  as  is  known  to  the  writers. 
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DIVISION  OF  FORK.  The  work  of  thin:  thesis  was  divided,  as 
follows:  Mr.  Groar  computed  the  data,  plotted  the  curves,  and  wrote  the 

discussion  and  conclusions  regarding  the  plain  columns.  Mr.  Hoff  and 
Mr.  Mowder  are  responsible  for  the  same  work  on  the  hooped  columns  and  spiral 
columns  respectively.  The  introduction  and  description  of  materials  was 
written  by  Mr.  Hoff,  the  description  of  test  specimens  by  Mr.  Mowder, 
and  the  description  of  the  method  of  testing  by  Mr.  Grear.  The  actual 
testing  in  the  laboratory  was  done  by  all  three  men.  In  conducting  these 
tests  the  man  who  wrote  up  a series  of  columns  as  noted  above  was  recorder 
and  supervised  the  tests  on  those  columns. 
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II.  MATERIALS 

The  materials  used  for  the  tests  wore  secured  as  follows  1 The  Chicago 
AA.  Portland  oement , the  stone,  and  sand  v-rere  bought  in  the  open  market.  The 
Universal  Portland  cement  was  furnished  by  that  company.  The  Electric 
Welding  Co.  furnished  the  hoop  reinforcement  and  the  American  System  of 
Reinforcing  for  Concrete  Construction,  furnished  the  steel  sprals. 

Very  little  Universal  cement  was  used,  only  three  columns  being  made 
from  it,  so  that  it  was  not  deemed  necessary  to  give  tests  of  that  cement, 
CEMENT.  The  following  tables  give  the  results  of  the  fineness 
and  tensile  tests  of  the  Chicago  AA.  cement. 

TABLE  1. 

FINENESS  TEST  OF  CHICAGO  AA.  CEMENT 


Sieve 

Parts  in  1000  left 

Per  cent 

No. 

on  sieve 

Passing 

74 

17.3 

98.35 

100 

33,8 

95.10 

300 

230.8 

71.28 

TABLE 

2. 

TENSILE  STRENGTH  OF 

CHICAGO 

AA.  CEMENT 

Ref. 

Break in 

g Load; 

lbs.  per  sq.  in. 

No. 

Age  7 

Days 

Age  23 

Days 

Neat 

1-3 

Neat 

1-3 

1 

786 

230 

311 

265 

2 

083 

145 

351 

235 

3 

700 

218 

361 

225 

4 

736 

136 

760 

270 

5 

866 

215 

965 

265 

6 ’ 

315 

211 

935 

287 

Average 

783 

201 

364 

253 

SAND.  The  sand  was  of  goo l quality  from  near  the  ?.r  abash  river  at 
Attica,  Indiana.  It  was  fairly  clean,  sharp,  and  ’.veil  graded,  containing  28$ 
voids,  and  weighed  115  lb.  per  cu.  ft.  Table  3 gives  the  results  of  a 
mechanical  analysis  of  this  sand. 

TABLET  3. 

MECHANICAL  ANALYSIS  OF  SAND 


Sieve  No.  Diameter  of  Mesh  Per  cent. 

inches  Passing 

4 100 

10  0.096  73 

20  0.040  36 

50  0.019  12 

74  0.011  5 

100  2 


STONE.  The  stone  was  crushed  limestone  from  Kankakee,  Illinois. 

It  was  ordered  to  pass  through  a 1-in.  screen  and  over  a l/4~in.  screen.  The 
stone,  however,  came  in  two  shipments  and  there  was  an  appreciable  difference 
in  the  quality.  The  first  lot  was  crushed  a little  finer,  was  softer, 
smoother,  was  of  a darker  color,  and  seemed  to  contain  more  clay  than  the 
second  lot.  ™he  harder,  coarser,  stone  of  the  second  lot  made  a much  better 
concrete  and  the  columns  and  cubes  made  with  it  showed  a decided  superiority 
over  those  made  from  the  softer  gray  stone.  Tests  showed  that  it  had  about 
50$  voids  ane  weighed  35  lb.  per  cu.ft.  Gravel  was  used  instead  of 
crushed  limestone  in  making  three  columns.  These  columns  proved  to  be 
decidedly  inferior,  in  crushing  strength  to  the  columns  made  from  the 


broken  stone 
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CONCRETE.  Men  skilled  in  mixing  concrete  were  employed,  and  an 
effort  was  made  to  have  the  concrete  as  good  as  would  be  used  in  the  be3t 
practice.  All  materials  were  proportioned  by  loose  volume.  However,  all 
materials  were  weighed  as  a check  on  the  volume  measurement.  The  cement  and 
sand  were  first  placed  on  the  nixing  board  and  thoroughly  mixed  dry,  by  turn- 
ing with  shovels.  The  stone,  which  had  been  previously,  thoroughly 
moistened,  was  added  to  the  mixed  sand  and  cement.  The  mass  was  then  turned 
several  times  and  when  thoroughly  mixed,  water  was  added  and  the  whole  mass 
turned  until  uniform  in  appearance.  A fairly  wet  mixture  was  used  as  this 
permitted  the  tamping  into  the  forms  to  better  advantage. 

STEEL,  The  steel  used  for  reinforcement  in  the  columns  was  as 
follows.  Eor  the  hooped  columns  but  one  kind  of  steel  was  used.  A mild  steel 
having  a yield  point  of  about  43,000  lb.  per  sq.in.  and  an  ultimate  strength 
of  from  60,000  to  60,000  lb.  per  sq.in.  Three  weights  of  hoops  were  used, 

No.  3,  13,  and  16,  all  of  which  were  1 in.  wide.  For  the  spiral  columns, 
two  kinds  of  steel  were  used,  a high  carbon  wire  and  a soft  steel  wire.  Each 
of  these  were  in  two  sizes  l/4-in.  and  Mo.  7 wire.  The  1/4-in.  high  carbon 
wire  had  a yield  point  of  approximately  110,000  lb.  per  sq.in,  while  the 
yield  point  of  the  No.  7 high  carbon  wire  was  about  60,000  lb.  per  sq.in. 

Their  ultimate  strengths  were  about  156,000  and  90,000  lb.  per  sq.in.  re- 
spectively. The  l/4-in.  soft  steel  wire  had  a yield  point  of  54,000  lb.  per 
sq.in.  and  the  No.  7 wire  33,500  lb.  per  sq.in.  Their  ultimate  strengths  were 
about  73,000  and  54,000  lb.  per  sq.in.  respectively.  Table  4 g^ves  the 
average  of  a series  of  results  obtained  by  testing  specimens  taken  from  the 
hoop  and  spiral  reinforcement.  Some  of  the  hoop  specimens  were  taken  from 
tested  columns  and  some  from  unused  material.  The  hoops  were  electrically 
welded.  Tests  were  made  on  some  pieces  containing  the  weld.  Some  of  these 
broke  at  the  weld  at  a much  lower  value  than  the  ultimate  strength  of  the 
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but  always  at  a load  above  the  yield  point. 

hooP/\  in  making  up  Table  4,  all  data  on  hoops  which  broke  at  the  weld  were 
omitted.  In  all  cases  the  test  specimens  of  the  spirals  were  taken  from 
near  the  ends  of  tested  columns.  The  wires  were  removed  straightened  and 
tested.  Several  tests  from  each  kind  of  steel  and  of  both  sizes  of  wire  were 
made  and  Table  4 gives,  the  average  results  of  these  tests. 


TABLE  4. 

TESTS  OF  REINFORCING  STEEL 


Col.  Size  fo  Yield 

No.  Elong.  Point 

HOOPS 


Max.  lb.  per  sq.in. 

lb.  Yield  Point  Max, 


o in. 

16 

10 

3160 

4250 

50400 

66200 

hoops 

12 

1G 

3007 

8260 

47770 

64070 

16 

13 

3000 

3830 

45800 

58550 

12  in. 

12 

13 

5960 

7710 

46900 

60800 

hoops 

8 

20 

9008 

11736 

49680 

64920 

SPIRALS 

High  Carbon  Eire 


183 

1/4  in. 

1.6  6940 

7570 

115500 

155000 

No.  7 

12.2  1430 

2170 

59700 

90550 

Soft  Steel 

Eire  . 

A*** 

1/4  in. 

15.5  2500 

3330 

54000 

72950 

1 ”7  7 

No.  7 

16.4  1943 

/ 

1350- 

1310 

38420 

53550 

BE 
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III.  TEST  SPECIMENS 

The  test  specimens  were  made  in  as  nearly  a uniform  manner  as  possible 
from  the  materials  described  above.  The  conditions  of  manufacture  were 
practically  the  same  in  every  case.  In  general,  the  test  columns  were  made 
in  sets  of  three,  the  12-in.  cubes  in  sets  of  two  and  the  6-in.  cubes  in  set 
of  three  so  that  the  results  could  be  checked.  Two  general  types  of  speci- 
mens were  made,-  (a)  columns  and  (b)  auxiliary  specimens.  The  concrete 
used  varied  from  a to  a 1-4-8  mixture.  The  majority  of  the  speci- 

mens were  of  a 1-2-4  mixture.  Stone  was  used  in  all  except 
wh’ch  were  made  with  gravel,  and  Chicago  AA  cement,  in  all  except  three 
specimens  which  were  made  with  Universal  cement.  The  sand  was  the  same  in 
all  specimens.  There  was  a variation  in  the  stone  as  noted  above  which 
materially  affected  the  quality  of  the  concrete.  The  coarser  and  harder 
stone  made  the  be^tr specimens.  Data  for  the  test  specimens  are-  given  in 
Table  5.  All  the  columns  and  12-in.  cubes  listed  in  the  table  were  tested. 
None  of  the  6-in.  cubes  or  cylinders  were  tested  owing  to  lack  of  time  when 
they  were  the  proper  age. 

(a)  Columns 

Three  types  of  columns  were  made  (1)  plain  concrete,  (2)  band  hooped 
reinforced  and  (3)  spiral  hooped  reinforced. 

(1)  PLAIN  COLUMNS,-  Plain  columns  containing  no  reinforcing  were  tested 
It  was  in  these  columns  that  gravel  was  used  instead  of  stone  for  two  speci- 
mens and  Universal  cement  instead  of  Chicago  AA  cement  for  three  specimens. 
(See  Table  5.) 

(2)  BAND-HOOPED  REINFORCED  COLUMNS,-  Sixteen  of  these  columns,  ten 

12  in.  in  diameter  and  six  9 in.  in  diameter,  wore  tested.  The  reinforcing 
consisted  of  circular  hoops  of  /3,  #12  and  #16  band  steel  spaced  2 in.  to 
4-in.  on  centers.  The  hoops  were  electrically  welded  and  were  spaced  as 


twd? Specimen s & 


Photograph  Ho.  1. 

HORTH  SIDE  OF  LABORATORY  OF  APPLIED  MECHANICS. 


East  Side  of  Laboratory. 

VIEW  SHOWING  STORAGE  OF  TEST  SPECIMENS. 
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shown  in  Fig.  2 by  three  longitudinal  strips  of  thin  metal.  The  diameter 
of  the  hoops  was  slightly  less  than  the  column  in  which  they  were  used. 

These  columns  will  be  referred  to  as  hooped  columns. 

(3)  SPIRAL- HOOPED  REINFORCED  COLUMNS,-  Twelve  of  these  columns,  each 
12  in.  in  diameter,  were  tested.  The  reinforcing  consisted  of  a continuous 
steel  wire  coilel  in  the  form  of  a helix.  The  spacing  device  was  a heavy 
longitudinal  wire  crimped  to  maintain  the  proper  distance  of  spiral,  with  a 
flat  piece  of  steel  behind,  securely  bolted  to  the  crimped  wire,  as  shown 
in  Fig.  2.  The  sizes  of  reinforcing  wire  were  ,"7  and  l/4  in.  Both  soft  and 
high  carbon  steel  wire  were  used,  (fee  Table  5.)  These  columns  will  be 
referred  to  as  spiral  reinforced  columns. 

All  columns  were  made  circular  in  cross  section.  The  diameter  of  the 
reinforced  columns  is  given  the  same  as  the  diameter  of  the  reinforcing 
hoops  used.  In  many  cases  the  diameter  was  slightly  greater  than  given  due 
to  the  forms  bulging  and  allowing  a thin  layer  of  concrete  to  form  outside 
the  hoops.  This  outside  coat  peeled  off  early  in  the  test  and  did  not  add 
materially  to  the  strength  of  the  columns,  and  therefore  the  diameter  of  the 
column  was  assumed  the  same  as  the  diameter  of  the  reinforcing  hoops.  All 
columns  were  either  12  in.  or  9 in.  in  diameter.  The  length  of  the  columns 
was  nearly  uniform  varying  from  10  ft.  1 in.  to  10  ft.  4 in. 

(b)  Auxiliary  Specimens 

Two  types  of  auxiliary  specimens  were  made  CD  cubes  and  (2)  cylinders. 
Data  for  these  specimens  are  given  in  Table  5. 

(i)  CUBES,-  The  cubes  were  divided  into  12  in.  and  6 in.  sizes.  No 
6 in.  cubes  were  tested  and  they  will  not  be  considered  further.  Sixty-four 
of  the  12  in.  cubes  were  tested.  These  cubes  were  intended  to  aid  in 
judging  the  quality  of  the  concrete  used  in  correspondingly  numbered 

columns.  They  were  made  in  pairs,  the  concrete  being  taken  from  the  mix 


3.2 

use:!  in  the  column  of  correspon ling  number.  The  concrete  was  taken  from  the 
middle  of  the  batch  and  is  thought  to  be  representative.  The  concrete  w as 
well  tamped  in  the  forms  and  7/as  troweled  around  the  sides  to  insure  good 
surface  on  the  cubes.  The  forms  were  of  wood  and  are  shown  in  Fig.  1. 

(3)  CYLINDERS,-  All  cylinders  were  8 in.  in  diameter  and  16  in.  long. 

The  forms  used  were  made  of  wrought  iron  and  are  shown  in  Fig.  1.  As  no 
cylinders  were  tested  they  will  not  be  considered  further. 

FORMS  FOR  COLUMNS.  The  forms  for  the  columns  were  made  of 
galvanized  sheet  steel  bent  into  a cylindrioal  shape  and  held  in  position 
by  wrought  iron  bands  1 in.  wide  and  6/.16  in.  thick.  The  diameter  of  these 
bands  was  adjusted  by  bolts  through  their  ends  as  shown  in  Fig.  1.  The  forms 
were  built  in  sections  3 l/3  ft.  long  and  these  sections  fit  together  in 
atove  pipe  fashion. 

MAKING  OF  COLUMNS.  The  concrete  for  each  column  was  mixed  in  one 

batch.  The  forms  were  set  up  in  a vertical  position  on  16  x 16  x 1 1/4  in. 

cast  iron  base  plates.  These  plates  were  planed,  on  both  sides  ar.d  served 

as  bearing  plates  when  the  column  was  tested.  In  the  plain  columns  the  forms 

were  built  up  in  3 l/3  ft.  sections.  The  concrete  was  put  into  the  ^orms 

or  ohurned 

in  layers  of  about  6 in.  Each  layer  was  thoroughly  tamped. until  water 
flushed  to  the  surface  before  the  next  layer  was  put  in.  When  the  column 
had  been  built  up  to  the  top  of  the  first  3 l/ 3 ft.  section,  another  3 1/3  ft. 
section  was  added  and  the  process  carried  on  without  intermission  until  the 
column  was  completed.  In  the  hooped  columns  the  hoops  were  put  in  place 
on  the  longitudinal  spacing  bars  and  the  forms  fastened  around  the  hoops 
for  the  full  length  of  the  column  after  which  the  forms  wore  set  up 
vertically  on  the  base  plate.  The  forms  fit  snugly  aro'jn.l  the  hoops  and  the 
spacing  bars  served  to  keep  the  forms  straight.  The  concrete  'was  nut  in 
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from  the  top  of  the  column  and  tamped  as  described  above.  Two  men  were 
employed  in  making  the  columns,  one  handling  the  concrete  and  the  o'-.her 
pouring  it  into  the  form  and  tamping  it.  Care  was  taken  to  have  a good  sur- 
face on  the  columns  anl  the  results  in  this  respect  -ere  fairly  satisfactory 
The  reinforcing  hoops  were  generally  covered  by  from  1/ 16  in.  to  1/4  in.  of 
concrete  on  the  surface  of  the  column  but  on  some  columns  the  hoops  were  not 
covered  at  all.  The  metal  in  , the  reinforcing  hoops  wore  gauged  in  several 
places,  and  the  average  taken  to  compute  the  per  cent,  reinforcement . Test 
pieces  of  reinforcing  hoops  were  saved  from  different  columns  and  from  them 
the  tensile  strength  of  the  steel  was  determined. 

STORAGE  OF  COLUMNS.  The  columns  remained  in  the  vertical  position 
in  which  they  were  made  until  tested,  (see  Photo  1.)  The  forms  were  left 
on  the  columns  for  a period  of  ten  days.  After  the  forms  were  removed  water 
was  thrown  on  the  surface  of  the  columns  twice  daily  until  they  were  tested. 
The  temperature  of  the  room  varied  from  00°  to  70°  F. 
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Table  5. 

LIST  OF  TEST  S^ECIMEHS 


Columns 

Col.  Eia.  Kind  of  Kind  of  Reinforcement 
Ho.  in.  Concrete  Stone  Kind  Quality 

of  Steel 


Auxiliary  Specimens 
Humber  Made 
Cubes  Cyl in- 

12— in.  6-inf  ders^ 


tlOl 

12 

1:2:4 

Fine 

Hone 

.0 

2 

0 

0 

^102 

12 

do. 

Coarse 

do . 

.0 

0 

0 

0 

0-3  - 

;io4 

12 

do . 

Coarse 

do . 

. 0 

2 

0 

0 

+105 

12 

do* 

Fine 

do . 

. 0 

0 

3 

2 

♦106. 

12 

do  * 

Coarse 

do . 

.0 

2 

0 

0 

101 

+108 

12 

do  T 

Coarse 

do . 

.0 

2 

3 

1 

1 0 <3  -J" 

+111 

12 

1: 1-1/2: 3 

Coarse 

do . 

. 0 

2 

3 

1 

+112 

12 

1 : 1-1 / 2 : 3 

Coarse 

do. 

. 0 

2 

3 

1 

+116 

12 

1:3:6 

Coarse 

do . 

.0 

2 

3 

0 

/117 

12 

1:3:6 

Coarse 

do . 

.0 

0 

0 

1 

+121 

12 

1:4:8 

Coarse 

do . 

.0 

2 

3 

1 

1, 

,122 

12 

1:4:8 

Coarse 

do . 

.0 

2 

3 

1 

•■126 

12 

1:2:4 

Gravel 

do . 

.0 

2 

3 

1 

7121 

12 

1:1:4 

Gravel 

do . 

.0 

2 

3 

1 

+131 

12 

1:2:4 

Fine 

#16  hoops 

Soft 

1.08 

2 

3 

0 

*132 

12 

1:2:4 

Fine 

#16  hoops 

do . 

1.08 

2 

3 

0 

+133 

12 

1:2:4 

Coarse 

#16  hoops 

do . 

1.05 

2 

0 

0 

+136 

12 

1:2:4 

Fine 

#12  hoops 

do . 

2.08 

2 

3 

0 

+137 

12 

1:2:4 

Coarse 

#12  hoops 

do . 

2.07 

2 

0 

0 

+138 

12 

1:2:4 

Coarse 

#12  hoops 

do . 

2.12 

2 

3 

1 

,141 

12 

1:2:4 

Fine 

#12  hoops 

do . 

1.02 

2 

0 

0 

+142 

12 

1:2:4 

Coarse 

#12  hoops 

do . 

1.02 

2 

3 

1 

+143 

12 

1:2:4 

Coarse 

#12  hoops 

do . 

1.39 

2 

0 

0 

+ 146 

12 

1:2:4 

Fine 

# 8 hoops 

do . 

3.30 

2 

3 

0 

+147 

12 

1:2:4 

Coarse 

# 8 hoops 

do . 

3.20 

2 

0 

1 

+148 

12 

1:2:4 

Coarse 

# 8 hoops 

do. 

3.20 

0 

0 

1 

+151 

9 

1:2:4 

Coarse 

#16  hoops 

do . 

1.47 

0 

0 

0 

+152 

9 

1:4:8 

Coarse  #16  hoops 

do. 

1.35 

2 

3 

1 

+156 

9 

1:2:4 

Coarse  #12  hoops 

do . 

2.73 

0 

0 

0 

f _ : . 

r 1 57 

9 

1:1-1 / 2:3 

Coarse 

#12  hoops 

do . 

2.94 

2 

3 

1 

+-171 

12 

1:2:4 

Fine 

#7  spiral 

High. 

.85 

2 

0 

0 

1 

+172 

12 

1:2:4 

Coarse 

#7  spiral 

do. 

.35 

O'h 

0 

0 

» 

+ 173 

12 

1:2:4 

Coarse 

#7  spiral 

do . 

.82 

0 

0 

0 

+ 176 

12 

1:2:4 

Fine 

#7  spiral 

Soft 

.84 

££ 

0 

0 

+177 

12 

1:2:4 

Coarse 

#7  spiral 

soft 

.35 

2 

0 

0 

It 

+178 

12 

1:2:4 

Coarse 

#7  spiral 

soft 

.84 

2 

0 

0 

-181 

12 

1:2:4 

Fine 

1/4”  " 

High 

1.73 

ft* 

0 

1 

\q 

+182 

12 

1:2:4 

Coarse 

do. 

do . 

1.67 

2 

0 

0 

1 0 

+183 

12 

1:2:4 

Coarse 

do . 

do. 

1.68 

0 

0 

0 

+186 

12 

1:2:4 

Fine 

do . 

soft 

1.64 

2 

0 

1 

1 

+187 

12 

1:2:4 

Coarse 

do , 

do. 

1.71 

2 

~9  3 

1 

+ 188 

12 

1:2:4 

Coarse 

do . 

do . 

1.61 

6 

0 

0 

Universal  cement. 

all  others  Chicago  AA. fHo 

6”  cubes  or 

cyl. 

tested. 

IB 


r\  METHODS  0?  TESTING 

The  column 3 were  made  on  end  and  were  not  moved  until  they  were  ready 
to  ’oe  tested,  -'ach  column  was  made  on  a cast-iron  plate,  dressed  to  a plane 
on  each  side,  and  two  or  three  days  before  testing  a similar  plate  was  put 
on  top  with  a bedding  of  plaster  of  paris.  The  plaster  was  used  to  give  a 
uniform  bearing.  To  further  make  the  pressure  uniform  a spherical  bearing 
block  was  used  at  the  top. 

/Then  a column  was  ready  to  be  put  into  the  machine  two  steel  rods  were 
screwed  into  the  plate  on  the  bottom  and  passed  through  the  plate  on  top. 

A rope  was  fastened  to  these  rods  and  the  columns  were  lifted  and  carried 
to  the  machine  by  a four-legged  orane  designed  for  the  purpose.  By  this 
method  there  was  never  any  tension  put  on  any  part  of  the  column. 

MACHINE  USED.  All  columns  and  cubes  were  tested  on  the  600,000 
pound  Riehle  testing  machine.  Several  of  the  photographs  show  the  columns 
in  place  in  the  machine.  This  machine  will  take  specimens,  in  tension  or 
compression,  up  to  35  feet  in  length.  The  system  of  guide  columns  make  it 
admirably  adapt  el  for  column  tests. 

•A  speed  of  .05  in.  per  minute  was  used  except  in  the  tests  of  two 
columns  on  which  the  loads  were  repeated.  On  these  a speed  of  .10  in.  per 
minute  was  used. 

MEASURING  DEVICES.  The  longitudinal  deformations  were  measured 
by  four  extons ometers  devised  for  column  tests.  These  instruments,  shown 
in  Fig.  3,  had  Johnson  extensometer  dial  which  30  magnified  the  deformation 
that  it  was  possible  to  read  to  ten-thousandths  of  an  inch. 

Two  sets  o?  instruments  were  used  on  each  column.  The  opposite  dials 
were  carried  by  the  same  yoke,  Eig.  3 shows  how  they  were  plaeed. 

The  Instance  between  the  centers  of  corresponding  yokes  was  always 
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100  inches  making  the  gaged  length  about  20  inches  less  than  the  length  of  the 
column.  The  yokes  were  place!  symmetrically  with  respect  to  the  midlie  of  the 
length  of  the  column. 

The  yokes  carrying  the  dials  were  placed  at  the  bottom  where  they  could 
be  read  and  were  two  inches  apart.  The  yokes  carrying  the  rods  were  in  cor- 
responding positions  at  the  top. 

The  contact  rods  were  made  of  seasoned  maple  l/Z  in.  x 3/4  in,  and  had 
steel  blades  at  the  ends  which  care  in  contact  with  the  rollers  of  the  dials. 
The  blades  had  a cylindrical  surface  so  that  there  was  always  a bearing  along 
one  element. 

The  lateral  expansion  of  the  columns  was  measured  by  means  of  two 

arm 

collars  and  also  by  anA extensometer.  These  instruments  were  devised  es- 
pecially for  these  tests  and  were  made  in  the  work  shop  of  the  Laboratory 
of  Applied  Mechanics. 

The  collar  consists  of  eight  supports,  carrying  a fine  wire,  and  a dial 
as  shown  in  Fig.  4.  Each  of  these  supports  was  cut  out  of  a single  piece 
of  galvanized  iron,  except  the  poles  which  were  soldered  in.  One  collar 
had  stiff  poles  made  of  strips  of  galvanized  iron  and  the  other  had  pieces 
of  ordinary  steel  tape  for  poles.  This  tape  was  used  so  that  it  would  aet 
as  a spring  and  avoid  the  friction  between  the  pole  and  the  wire.  The  col- 
lars will  be  referred  to  as  the  solid  and  spring  collars. 

The  poles  were  equally  spaced  and  a fine  copper  wire  was  passed  around 
as  shown . 

The  way  this  arrangement  works  may  be  understood  by  referring  to 
Fig.  4.  TiThen  the  oolumn  expands  trie  poles  are  pushed  out  and  this  tends  to 
stretch  the  wire.  The  amount  of  this  stretch  is  read  on  the  dial. 

The  dial  used  had  a face  similar  to  a watch  and  had  a clock  work 
mechanism.  It  had  a small  spring  which  took  up  any  back  slack  in  the 
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instillment  or  wire.  It  real  to  one-thousandth  of  an  inch  and  ten -thousandths 
by  estimation. 

At  “irst,  the  arm  arrangement  was  poorly  designed  and  did  not  give  good 
results.  Afterward  one  was  made  like  the  drawing,  Fig.  5,  and  this  worked 
very  well.  This  instrument  may  also  be  understood  by  reference  to  the  draw- 
ing. TThen  the  column  expands  the  ends  of  the  rods  are  forced  apart  and  this 
change  is  read  on  a Johnson  extenoometer  dial.  The  rods  arc  trussed,  as 
shown,  to  prevent  their  bending  instead  of  being  forced  apart.  The  arm 
device  would  not  work  on  the  plain  columns  and  its  use  on  them  was  finally 
discontinued.  On  part  of  the  columns  a collar  was  used  which  had  a very  fine 
insulate!  wire  wrapped  around  the  roller  of  a Johnson  lial  and  this  seemed 
to  give  slightly  better  results  than  the  other. 

On  the  columns  that  were  reinforced  with  bands  the  collar  with  spring 
poles  was  put  on  the  bands  and  the  other  on  the  concrete.  The  collar  with 
the  Johnson  dial  was  also  placed  on  the  bands.  By  getting  the  expansion  of 
hoops  in  this  way  the  amount  of  the  stress  carried  by  the  steel  could  be 
computed.  All  these  instruments  were  placed  about  the  middle  of  the  column. 

LOADS.  The  loai  was  appliel  through  a spherical  bearing-block, 
mentioned  above,  which  was  carefully  centered  on  the  columns. 

The  load  in  the  reinforced  columns  was  generally  appli  ed  in  increments 
of  about  20,000  lbs.  up  nearly  to  the  maximum  and  then  in  increments  of 
10,000  lbs.  (On  the  9 in.  columns  the  increments  were  made  smaller.)  On  the 
plain  coliyrns  increments  of  10,000  lbs.  were  used  from  the  start.  At  each 
increment  the  machine  was  stopped  while  the  readings  ?;ere  taken.  Tables  of 
original  data  give  ietailed  information  as  to  loads  and  readings  taken. 

One  12  in.  sp  iral  hooped  column  was  tested  under  eccentric  loading.  A 
i/2-in.  bar  was  placed  under  the  bearing  blocks  at  top  and  bottom,  1 l/4  in. 
off  of  center  to  observe  the  effect  of  eccentric  loading. 
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V.  EXPERIMENTAL  DATA  AND  DISCUSSION 
The  experimental  data  and  discussion  will  be  divided  into  three  parts, 

(a)  plain  columns,  (b)  hooped  columns  and  (c)  spiral  columns.  Later  a general 
comparison  an l discussion  of  all  columns  tested  will  be  given. 

(a)  DISCUSSION  OF  PLAIN  COLUMNS 

With  a view  of  studying  the  effect  of  the  amount  of  cement  used,  the 
plain  columns  were  made  of  four  mixtures.  The  effect  upon  the  properties 
op  the  concrete  will  now  be  considered. 

STRENGTH.  In  Table  6 are  given  the  results  of  the  tests  of  the 
columns.  In  Fig.  50  the  average  strength  of  columns  of  the  same  mixture 
are  plotted,  thus  permitting  a comparison  of  the  strength  for  the  different 
mixtures.  The  proportion  of  cement  to  aggregate  is  plotted  as  abscissas  and 
the  unit  strength  as  ordinates.  The  general  line  of  these  points  proved 
to  be  a straight  line,  showing  that,  for  the  mixtures  used  the  increase  in 
compressive  strength  varies  directly  as  the  quantity  of  cement.  From  a 
study  of  this  diagram  it  may  be  shown  that,  up  to  the  richest  mixture  used, 
the  richer  the  concrete  the  more  economical  the  mixture.  It  is  estimates* 
that  a mixture  of  1-1  1/2-3  would  cost,  say,  6$  to  104  more  than  a 1-2-4 
mixture  while  the  strength  would  be  increased  about  45f>.  This  conclusion 
may  not  hold  for  mixtures  richer  than  1-1  1/2-3  or  leaner  than  1-4-8. 

INITIAL  MODULUS  OF  ELASTICITY.  Values  of  the  initial  modulus 
of  elasticity  are  given  in  Table  6.  The  value  of  this  modulus  was  found 
as  follows:  A tangent  to  the  curve  was  drawn  at  the  sere  point  and  the 

modulus  was  taken  as  the  tangent  of  the  angle  which  this  line  made  with  the 
horizontal.  The  tangent  selected,  instead  of  being  the  tangent  to  the  curve 
as  plotted  was  drawn  so  as  to  be  tangent  to  a parabola  that  would  fit  the 
plotted  curve.  This  method  gives  less  freedom  of  position  for  the  tangent 
and  the  value  found  for  the  modulus  will  be  more  nearly  correct.  Particular 
values  of  the  modulus  of  elasticity  (which  may  be  called  the  secant  modulus), 
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were  found  for  different  loads  by  dividing  the  unit  load  by  the  unit  deforma- 
tion. These  values  are  written  in  the  diagrams  for  the  several  columns.  The 
following  are  the  average  values  of  the  initial  modulus  of  elasticity  as 
determined  from  Table  6T 

1-1  1/2-3  3,300,030 


1-2-4  3,330,000 

1-3-6  2,450,000 


1-4-3  1,800,000 

It  is  seen  that  the  modulus  of  elasticity  increases  with  the  amount  of  cement 
but  no  law  governing  the  change  is  apparent.  Some  columns  of  a lean  mixture 
showed  a very  high  modulus  of  elasticity  and  some  of  a rich  mixture  showed 
a low  modulus. 

FAILURE.  Table  6 shows  the  manner  o " failure  for  each  column.  The 
richness  of  the  concrete  has  an  effect  on  the  manner  of  failure  which  is  very 
apparent.  Nearly  all  the  richer  mixtures  (1-1  1/2-3  and  1-2-4}  gave  a 
fracture  which  showed  a diagonal  or  shear  form  and  the  leaner  ones  crushed 
and  shattered  over  the  whole  section.  The  columns  that  failed  by  shear  broke 


suddenly  and  without  warning.  Some  of  them  broke  after  the  machine  had  been 
stopped  and  no  additional  load  was  being  applied,  "hey  broke  with  a loud 
report.  Column  112  failed  so  suddenly  that  the  instruments  had  not  been  taken 
off  and  all  the  contact  rods  were  broken. 

Some  of  the  columns  that  failed  by  crushing  broke  in  such  a manner  that 
the  failure  was  not  noticed  until  the  weighed  load  began  to  decrease.  It  re- 
quired close  inspection  to  find  where  and  how  they  had  failed. 

EfwpcT  0W  REPEATED  LOADS.  Two  eolumns,  106  and  108,  were  tested 
under  repeated  applications  of  loads.  The  data  for  those  is  given  in  tables 
of  computed  data  Sor  these  columns,  at  the  end  of  the  thesis.  The  effect 
of  the  repeated  loads  will  best  be  understood  by  a study  of  the  diagrams  for 

iosul^of  per  3q. in.  was-  put 
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on  ten  times  without  causing  much  change  in  the  deformations  and  without  pro  - 
iucing  any  permanent  set,  "’hen  it  was  attempted  to  run  the  loal  up  to  1000 
lb.  per  sq.in.  the  column  failed  at  about  700  lb.  per  3q.in.  Column  103, 
tested  in  the  same  manner,  stood  ten  loads  of  500  and  ten  of  1000  lb.  per 
sq.in.  but  failed  before  reaching  1500  lb.  per  sq.in. 

The  500  lb.  loads  had  the  same  effect  on  both  columns.  They  caused  only 
a slight  increase  in  the  leformations  and  a snail  decrease  in  the  modulus  of 
elasticity.  They  produced  no  appreciable  permanent  set.  The  1000  lb.  loads 
caused  the  deformations  to  increase  considerably  and  produced  a permanent 
set  which  was  very  apparent.  The  modulus  of  elasticity  was  considerably 
reduced. 

The  two  columns  tested  in  this  manner  failed  at  a lower  load  that  others 
of  the  same  mixture.  From  this  it  would  seem  that  the  ultimate  strength 
was  decreased  but  probably  the  results  from  only  two  columns  should  not  be 
taken  as  conclusive.  A speed  of  .10  of  an  in.  per  minute  was  used  in  apply- 
ing the  repeated  loads. 

LATERAL  DEFORMATIONS.  The  lateral  deformations  were  found  as  ex- 
plained in  methods  of  testing.  An  attempt  was  made  to  discover  a relation 
between  the  lateral  and  longitudinal  deformations.  The  results  of  these 
tests  are  shown  on  the  diagrams  for  the  several  columns.  Table  6 3hows  the 
relation  between  the  lateral  and  longitudinal  deformation  for  each  column. 

The  results  of  these  tests  do  not  seem  to  be  very  reliable  and  this  sup- 
position is  borne  out  by  the  fact  that  on  some  of  the  columns  the  collars 
failed  to  show  any  change  at  all.  On  a part  of  the  columns  the  collars  work- 
ed very  well  and  the  readings  appear  to  be  reliable.  Tills  is  borne  out  by 
the  fact  that  the  readings  for  these  columns  are  very  near  the  average  for 
all  the  columns. 

The  mixture  seems  to  have  no  effect  in  the  ratio  of  the  lateral  to  the 
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longitudinal  deformation.  There  is  a great  deal  of  variation  of  this  ratio 
but  there  seems  to  be  no  relation  between  the  variation  and  the  mixture. 

At  the  maximum  load  on  the  column  the  ratio  is  the  greatest.  It  varies  here 
from  1:2.5  to  1:5.5  with  an  average  of  1:4.  At  one  half  the  maximum  load 
the  ration  varies  from  1:3.5  to  1:12  with  an  average  of  about  1:9.  The  ratio 
for  a given  column  stays  nearly  constant  until  the  load  on  the  column  is 
close  to  its  maximum  and  then  the  ratio  increases  rapidly. 

DEFORMATION.  The  diagrams  for  the  different  columns  show  the  amount 

not 

of  longitudinal  and  lateral  deformation.  There  wasumuch  variation  in  the 
ultimate  unit  elongation  leformation.  It  varied  from  about  .0006  to  .0013 
with  an  average  oC  .00095. 

There  was  no  lateral  deflection  of  the  columns  which  could  be  seen  and 
the  longitudinal  extensometer  readings  do  not  indicate  that  there  was  any. 

CUBES.  Table  6 gives  the  results  of  the  tests  of  the  12  in.  con- 
crete cubes.  The  cubes  give  a higher  ultimate  unit  strength  than  the 
columns  but  this  increase  in  strength  was  not  as  much  as  was  expected.  The 
percent,  of  increase  of  strength  of  the  cube  over  the  columns  was  greater 
for  the  leaner  mixtures.  The  richest  mixture  showed  very  little  difference 
between  the  strength  of  the  columns  and  the  strength  of  the  cubes.  The 
average  increase  amounted  to  about  25y>.  The  remarkable  consistency  of  the 
results  of  the  cube  tests  will  be  noticed  by  referring  to  Table  6. 
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TABLE  6. 

Summary  of  Tests  of  Plain  Concrete  Columns 
Diameter  12  in.  Length  10  ft. 

Col,  Mixture  Age  Maximum  Load.  Initial  Ratio  of  Lateral  Manner 

Do.  days  lb. per  sq. in. Modulus  of  to  Longitudinal  of 

Col.  Cubes  Elasticity  Deformation  Failure. 

Maximum  One— half 


load. 

Maximum 
load . 

101  1:2:4 

62 

1168 

1875 

1875 

2,500,000 

1:2.4 

1:12 

Shear 

102  do. 

70 

2000 

3,300,000 

1:4 

1:3. 8^ 

Shear 

104  do. 

65 

1590 

1900 

2110 

3,600,000 

1:3.4 

1:7.3^' 

Shear 

105  do. 

60 

1945 

3,500,000 

Shear 

106  a°- 

665 

2010 

1715 

3,300,000 

1:2.5 

Crushed 

108  do. 

72 

1460 

1850 

1850 

3,500,000 

1:4.7 

1:5.  W 

Crushed 

Ill  " 

65 

2120 

2370 

2440 

3,600,000 

1:3.5 

1:8.6 

Shear 

112  4©:; 

62 

2490 

2500 

2500 

4,000,000 

1:3.7 

1:11.3 

Shear 

116  1:3:6 

61 

960 

1440 
146  5 

2,600,000 

1:8 

Crushed 

117  1:3:6 

62 

1120 

2,300,000 

1:5,5 

1:25 

Crushed 

121  1:4:8 

63 

575 

800 

990 

1,900,000 

1:5 

1:3.3 

Crushed 

122  1:4:8 

63 

575 

1255 

1160 

1,700,000 

Crushed 

126  1:2:4^^ 

59 

845 

1080 

1130 

1,700,000 

Crushed 

127  1:1:4^,^JU67 

1380 

1630 

1705 

2,800,000 

1:4 

1:6.75 

Crushed 

VIEW  SHOWING  TYPICAL  SHEAR  FAILURE 
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Photograph  No.  4 


VIEW  SHOWING  TYPICAL  CRUSHING  FAILURE 


so 


BAND- 

(b)  DISCUSSION  OF^HOOPED  COLUMN  T^STS 
Owing  to  the  lack  of  tine  an.i  the  limited  experience  of  the  writer,  little 
attempt  will  be  male  to  enter  ieeply  into  the  theory  of  the  action  of  hooped 


columns.  The  discussion  will  be  confined  to  the  following  named  subjects, 
the  1-3-4  columns  having  a hoop  spacing  of  1 in.  only  being  considered. 

(a)  The  method  of  computing  longitudinal  stresses. 

(b)  The  manner  of  failure  of  the  columns. 

with 

(c)  The  comparison  of  the  percent,  reinforcement  A the  compressive 
strength  of  the  columns. 

(d)  The  ratio  of  the  transverse  deformation  to  the  longitudinal  deforma- 
tion, or  Poisson's  ratio. 

(e)  The  stress  in  the  steel  reinforcement  at  different  loads. 

(?)  The  initial  modulus  of  elasticity,  Ec,  and  the  method  of  computing  it 

(g)  A proposed  empirical  formula  for  the  stresses  in  the  stool  reinforce- 


ment . 

Taking  up  the  discussion  in  the  above  named  order  we  have, 

(a)  The  method  o?  computing  stresses  in  the  columns  was  as  follows.  All 
compressive  stresses  were  assumed  to  be  evenly  distributed  over  the  section 
of  the  column,  i.e.  no  account  was  taken  of  any  flexural  stresses  set  up  by 
column  action.  The  gross  load  in  pounds  was  simply  divided  by  the  area  of  the 
section  of  the  column  in  square  inches  and  the  result  taken  as  the  unit  stress 

(b)  The  manner  of  failure  was  very  similar  in  all  the  hooped  columns,  wit' 
the  exception  of  three, in  which  hoops  broke  while  under  load.  The  typical 
failure  was  as  follows.  At  about  160,000  lb.  to  160,000  lb.  about  the  ultimat 

un 

strength  of  a similar  reinforced  concrete  column,  vertical  cracks  began  to 

A 

appear  over  the  thin  spacing  bars  of  the  reinforcement . These  cracks  were  due 
to  the  buckling  of  the  spacing  bars  and  continued  to  develop  until  the  thin 
layer  of  concrete  surrounding  the  hoops  was  nearly  all  scaled  off.  At  about 
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Photograph  No.  5. 


VIEW  SHOWING  TYPICAL  BUCKLING  AT  MAXIMUM  LOAD. 


VIEW  OF  FAILURE  DUE  TO  BROKER  HOOP 
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two-thirds  the  maximum  loal,  the  column  would  begin  to  lefleet  much  in  the  man- 
ner of  a column  fixed  at  the  ends.  This  buckling  in  shown  in  Photograph  5 and 
in  extreme  cases  reached  3 in.  However,  this  defletion  was  caused  rather  by 
the  actual  crushing  of  the  concrete  on  the  concave  side  than  by  true  column 
flexure. 

By  a close  examination  of  the  transverse  curves  it  will  be  noticed  that, 
with  one  or  two  exceptions,  a tangent  drawn  at  the  point  of  maximum  load  is 
very  nearly  horizontal.  This  and  the  sasiured  ation  of  the  steel  hoops 

would  tend  to  show  that  the  steel  had  reached  its  yield  point.  If  this  is 
true  and  there  is  sufficient  evidence  to  think  it  probable,  all  of  the  hooped 
columns  except  Column  148  failed  because  the  steel  reinforcement  had  passed 
its  elastic  limit. 

(c)  Prom  the  curve  Pig.  5b  it  would  appear  that  reinforcements  above  2 
percent,  are  not  as^affeotive  as  those  of  1 percent.  However,  all  the  columns 
except  No.  148  ani  perhaps  one  other  failed  through  the  stress  in  the  steel 
exceeding  the  elastic  l’mit.  Excluding  No.  143,  and  using  a value  for  the 
strength  of  the  plain  concrete  determined  by  taking  the  load  at  a deformation 
of  .0013,  the  added  strength  which  may  be  attributed  to  the  reinforcement 
will  be  found  to  average  698  lb.  per  sq.in.  for  the  1 percent,  columns,  653  lb. 
per  sq.in.  per  one  percent,  of  reinforcement  for  the  2 percent,  columns,  and 
600  lb.  per  sq.in.  per  one  percent,  of  reinforcement  Tor  the  3 percent,  columns 
These  data  are  given  in  Table  S-jb 

Column  148,  one  of  the  3 per  cent,  reinforced  columns,  failed  under  a 
small  load,  very  probably  due  to  crushing  of  the  concrete  at  the  ton.  The 
stress  deformation  diagram  indicates  that  it  did  not  foi'  in  a normal  way.  The 
evidence  of  the  diagrams  of  the  individual  colu  j iow  that  the 

columns  in  general  failed  because  the  ste^l  passed  the  yield  point,  and  the 
3 percent,  reinforcement  may  be  expected  to  be  as  efficient  as  the  smaller 
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Table  <5 

MAXIMUM  UNIT  LOADS 
of 

HOODED  COLUMNS  AND  CORRESPONDING  CUBES 


Col 

. Kind  of 

Maximum 

Cube 

Area 

Age 

Maximum 

No. 

Hoops , 

Unit 

No. 

Dimensions  i 

sq. in. 

When 

Load 

2"  c.to 

c . 

Load  . 

■ inches 

Tested 

pounds 

Per  sq.in 

131 

No. 16  x 

1" 

2384 

131/ 

12.00 

X 

12.00 

144.0 

104 

2215 

131* 

12.00 

X' 

12.00 

144.0 

104 

2215 

13  2 

do . 

2150 

132/ 

11.95 

X 

12.05 

144.0 

105 

2220 

13  2Z 

11.95 

X 

12.00 

143.5 

104 

2005 

133 

do . 

2182 

133, 

12.00 

X 

12.00 

144.0 

95 

2180 

133* 

12.00 

X 

12.00 

144.0 

95 

2170 

Average , 

2239 

143.9 

101 

2167 

136 

No. 12  x 

1” 

2860 

136, 

12.00 

X 

12.00 

144.0 

102 

2200 

136,2 

12.00 

X 

12.00 

144.0 

103 

2170 

137 

do . 

2660 

137, 

12.00 

X 

11.95 

143.5 

99 

1440 

1372 

12.00 

X 

12.00 

144.0 

99 

. 1570 

138 

do. 

3110 

138/ 

12.00 

X 

12.00 

144.0 

72 

1820 

1382 

12.00 

X 

12.00 

144.0 

77 

2200 

Average, 

2877 

143.9 

92 

1900 

146 

No . 8 x 

1" 

3000 

146, 

12.00 

X 

12.00 

144.0 

100 

1610 

14  e2 

12.00 

X 

12.00 

144.0 

100 

1580 

147 

do. 

3715 

147/ 

11.95 

X 

11.90 

142.5 

90 

2420 

14  7Z 

12.00 

X 

12.05 

144.5 

90 

2280 

148 

do 

2890 

Average , 

3202 

1.43 . 8 

95 

1972 

Av. 

of  Av . , 

2773 

143.9 

96 

2113 

141 

No. 12  x 

1" 

2275 

141/ 

11.95 

X 

11.95 

143.0 

105 

2570 

4n  o.  tc 

1 c. 

141* 

12.00 

X 

12.00 

144.0 

105 

2140 

142 

do . 

2178 

142, 

12.05 

X 

12.05 

145.0 

92 

1710 

142* 

12.00 

X 

12 . 00 

144.0 

92 

1700 

Average, 

2227 

-144.0 

98 

2030 

143 

No. 12  x 

1" 

2735 

143/ 

12.00 

X 

12.00 

144.0 

93 

2980 

3"  c.to 
« 

c. 

143z 

11.90 

X 

12 . 00 

142.8 

93 

9 

2500 

2"  o.to 

c. 

9— 

inch  Columns. 

151 

No. 16  x 

ln 

2140 

156 

No. 12  x 

1” 

2970 

Mixture  1—4 

1-8. 

152 

No. 16  x 

1" 

1345 

152/ 

12.00 

X 

12.15 

144.5 

59 

1060 

152* 

12.00 

X 

11.90 

143.0 

60 

952 

Mixture  1—3 

. 1/2-S 

5. 

157 

No. 12  x 

1" 

3561 

157, 

12.00 

X 

12.10 

145.0 

56 

1880 

1572 

11.95 

X 

12.05 

144.0 

55 

2130 
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TABLE  9$. 

Longitudinal  Deformation  per  100  lb.  Additional  Load  in 

Bands 

1—2—4:  Columns,  2 in.  center  to  center. 


Col.  Uo 

. Percent 

Reinforcement 

Ordinate  in 
lb.  per  sq.  in. 

Abscissae 
in  inches 

Abscissae 

Ordinate 

131 

1.085 

960 

.0045 

,00047 

132 

1.085 

900 

.0045 

.00050 

133 

1.050 

900 

.0047 

.00052 

Av. 

1.070 

920 

.0046 

.00050 

136 

2.081 

1270 

.0075 

.00059 

137 

2.071 

1200 

.0080 

.00067 

138 

2.120 

1400 

.0080 

.00057 

Ay. 

2.091 

1290 

.0078 

.00061 

146 

3.219 

1400 

.0080 

.00057 

147 

3.200 

1500 

.0072 

.00048 

148 

3.200 

900 

.0055 

.00061 

Av. 

3.206 

1267 

.0069 

.00055 

Av.  of 

Av.  2.122 

1162 

.0064 

.00056 
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TABLE  9b. 


Col.  No. 

Percent 

Maximum  Load 

Load 

due  to 

Reinforcement 

lb.  per  sq.  in. 

Reinforcement 

Total 

1 fo 

141 

1.024 

2275 

675 

660 

142 

1.024 

2178 

700 

685 

131 

1.085 

2182 

750 

715 

132 

1.085 

2150 

800 

740 

133 

1.050 

2384 

750 

690 

Average , 

698 

136 

2.081 

2860 

1200 

575 

137 

2.071 

2660 

1500 

725 

138 

2.120 

3110 

1400 

660 

Average » 

653 

146 

3.219 

3000 

1800 

560 

147 

3.200 

3715 

2100 

640 

148 

3.200 

Average , 


600 
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amounts . 

In  Column  132  a faulty  hoop  broke  at  about  3 ft.  from-  the  top  at  a total 
load  of  243,000  In.  The  load  did  not  then  reach  a higher  point  but  began  to 
fall  off  at  once,  and  another  hoop  near  the  first  one  broke  at  a load  of 
175,000  lb.  In  Column  151  a hoop  broke  at  about  1 ft.  above  the  middle  of  the 
column  at  a total  load  of  137,000  lb.  This  load  also  proved  to  be  a maximum. 

In  Column  152  a hoop  broke  21/2  ft.  from  the  top  at  a total  load  of  31,500 
lb.,  but  the  load  increased  to  86,000  lb.  before  reaching  a maximum,  The  evi- 
dence shows  that  the  steel  was  stressed  beyond  its  yield  point  before  the 
hoop  broke,  and  hence  that  the  column  had  reached  its  maxim-urn,  or  that  its 
final  load  was  not  much  below  what  it  otherwise  would  have  been.  The  three 
above  named  columns  in  which  hoops  broke  finally  failed  by  the  crushing  of  the 
concrete  at  the  place  where  the  hoops  were  ruptured. 

Photograph  5 shows  a typical  example  of  failure. 

Photograph  6 shows  failure  in  columns  in  which  hoops  broke. 

(1)  Poisson's  ratio  was  computed  fir  loads  varying  from  800  lb.  per  sq.in. 
upward  to  the  load  which  is  considered  to  develop  the  elastic  limit  of  the 
steel  hoops.  Table  7 gives  these  data.  The  result  of  this  investigation 
shows  that  this  ratio  is  a variable.  The  average  of  this  ratio  for  all  the 
1-2-4  columns  ranging  from  l/l6  at  800  lb.  per  sq.in.  to  1/4  at  the  elbow  of 
the  curve. 

(e)  Assuming  the  modulus  of  elasticity  of  the  steel,  Es , to  be  30,0^0,000 
lb.  per  sq.in.  the  unit  stress  in  the  steel  at  anv  point  will  be  the  product, 
of  Es  into  the  transverse  deformation,  i.e.  = £ . This  stress  varies, 

as  is  3hown  by  the  transverse  deformation  curves,  from  zero  to  past  the  elas- 
tic limit  of  the  steel  and  in  three  columns  to  actual  rupture  of  some  of  the 
hoops . 

Since  the  deformation  is  not  proportional  to  the  load  for  hooped  rein- 
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force!  concrete  columns  it  naturally  ’ol lows  that  the  transverse  curve  is  not 
a straight  line  because  the  ordinate  is  not  trasnverse  stress  but  longitudinal 
stress.  The  stresses  in  the  steel  reinforcement  will  be  taken  up  again  under 
(g)  with  the  object  in  view  of  determining  the  stress  that  will  be  oaused 
in  the  reinforcement  by  a given  load  without  the  aid  of  the  transverse  de- 
formation curves. 

(f)  It  was  thought  of  value  to  compute  as  nearly  as  possible  the  initial 
modulus  of  elasticity,  Ec,  of  the  columns.  This  was  done  by  dividing  the  load 
corresponding  to  a longitudinal  deformation  of  .0012  by  i/2  0f  the  longitudinal 
deformation  at  that  point,  i.e.  by  .0000.  This  value  .0012  was  assumed  to  be 
the  deform  at  ion,  at  the  maximum  load  of  a plain  column  of  the  same  3-\ze  and  con- 
sistency as  the  hooped  columns  under  consideration.  This  method  gave  an 
average  Eo,  equal  to  3,620,000  lb.  per  sq.in.  for  all  the  1-2-4  columns.  The 
values  for  the  individual  columns  are  given  in  Table  7.  The  reason  for  com- 
puting Ec  in  the  above  manner  is  as  follows. 

It  is  first  assumed  that  the  reinforced  column  follows  the  laws  of  plain 
columns  under  load  up  to  the  ultimate  strength  of  the  concrete.  Since  the 
parabolic  deformation  theory  of  plain  concrete  columns  has  been  quite  well 
established,  it  is  assumed  that  the  point  on  the  curve  corresponding  to  a 
deformation  of  .0012  would  be  the  vertex  of  the  parabola  if  fitted  to  the 
part  of  the  curve  below  this  point.  Therefore  taking  this  point  on  the  curve 
corresponding  to  a deformation  of  . 00j2  and  drawing  the  tangent  in  the  above 
named  way  gives  the  required  value  of  Eo. 

(g)  By  referring  to  fable  9c,it  is  seen  that  at  loads  above  the  strength 
of  plain  concrete  there  is  an  added  longitudinal  unit  deformation  of  .00056 
in.  caused  by  the  adlition  of  100  lb.  per  sq.in.,  this  with  a reinforcement 
of  2.122  percent. 

A formula  wi  1 now  be  derived  from  which  the  stresses  in  the  steel  hoop 
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reinforcing  nay  be  determined  without  the  aid  of  the  transverse  curves. 

Le^  d rr  the  linnet er  o"  the  column 

Let  p va  the  ratio  of  the  Volume  of  the  hoop  to  the  voltime  of  the  concrete 
core 

Let  t = the  thickness  of  the  hoops 

Let  P = the  unit  transverse  pressure 

Let  o — the  unit  stress  in  the  steel 

Then  the  following  relations  are  true 

n = ^ '7r 

g 7T 

? = 

<?/ 


Pd=2ts 


Pd 


Using  48000  lb.  p ;r  sq.in.  as  the  yield  point  of  the  steel  we  have 
P :s=2400 Op , or  the  transverse  pressure  is  240  lb.  per  sq.in.  for  1 percent, 
reinforcement . Callin^  the  added  compressive  strength  for  1 percent,  rein- 
forcement 650  lb.  per  sq.in.  as  ro  ed  before,  the  ratio  of  the  transverse 
pressure  to  this  added  strength'  ' becomes-^7'  — - 0.359.  Finally  if  we 

call  C uue  strength  of  the  plain  concrete  column,  the  strength  of  the  hooped 


column  with  the  steel  used  will  be 


C1'—  0 -h  65000p 


(o)  DISCUSSION  OF  SPIRAL  HOOPED  COLUMNS 


Twelve  spiral  columns  were  tested.  Table  5 gives  data  of  the  diameter 
of  the  columns,  the  kind  of  concrete,  the  size  and  quality  of  the  reinforcing 
steel,  and  percent,  reinforcement  and  the  n^irber  of  auxiliary  test  specimens 
male. 

FAILURE  0^  COLUMNS.  All  the  columns  failed  by  column  action, the 

final  failure  being  due  to  the  buckling  at  or  near  the  center  of  column. 

No  apparatus  was  used  to  measure  this  lateral  flexure,  but  it  was  in  nearly 

every  case  great  enough  to  be  noticed  with  the  eye  at  a pressure  equal  to 

about  3 0'j  of  the  maximum  load.  The  buckling  increased  gradually  until  the 

1 o ad 

column  was  1 1/2  to  2 l/ 2 in,  out  of  line  at  the  center  when  the  maximum_was 
reached.  This  lateral  flexure  is  plainly  illustrated  by  Photograph  3.  The 
concrete  on  the  convex  sile  did  not  show  any  transverse  cracks  and  hence  the 
flexure  was  produced  almost  wholly  by  the  greater  shortening  of  the  fibres 
on  the  concave  site  of  the  column.  The  longitudinal  extensometer  readings 
on  the  concave  side  of  the  columns  were  greater  than  those  on  the  convex 
side  of  the  column  after  the  buckling  began.  Scaling  over  the  reinforcing 
,!rire3  commenced  at  about  two-thirds  of  the  maximum  load  and  continued,  in 
several  cases,  until  the  surface  of  the  column  on  the  concave  side  had  en- 
tirely peeled  off  to  the  depth  of  the  spiral  reinforcing  wires.  See  Photo- 
graph 7.  Soon  after  the  scaling  began  the  longitudinal  spacing  wires 
buckled  between  the  points  where  they  were  fastened  to  the  spiral  reinforce- 
ment. In  every  case  the  column  gave  ample  warning  by  scaling  and  deformation 
a long  time  before  the  maximum  load  was  reached.  The  final  failure  was  not 
sudden,  if  the  loading  was  continued  after  the  maximum  load  was  reached, 
the  supporting  power  of  the  column  decreased  slowly  until  final  failure 
oocurrei  by  lateral  flexure. 

CLASSIFICATION  AND  COMPARISON  OF  COLUMNS.  All  spiral  columns  were 
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Table  10. 
SPIRAL  COLUMNS 


Col 

Reinforcement 

Initial  Ec 

Maximum 

Ratio  Ato6 

No. 

Size  % 

Quality 

Load 

lb 

. per 

sq.  in 

# 

of  Steel 

lb.  per 
sq.  in. 

800 

1200 

1800 

2000 

171 

#7  .85 

High  car. 

2,700,000 

2503 

.161 

.131 

.154 

.172 

172 

#7  .85 

do . 

2,800,000 

2506 

.121 

.098 

.480 

.527 

173 

#7  .82 

do . 

2,500,000 

.101 

.143 

.128 

.333 

Av. 

2,733,000 

2504 

.128 

.124 

.254 

.344 

181 

1 n 

T 1.73 

High  car. 

2,233,000 

2718 

.044 

.105 

.232 

.344 

182 

4 1.67 

do . 

3,000,000 

3800 

.121 

.133 

.141 

.149 

183 

1.68 

do . 

2,900,000 

3793 

.083 

.200 

.477 

.588 

Av. 

2,711,000 

3437 

.083 

.146 

.283 

.360 

Av. 

of  all  High  carbon, 

2,722,000 

2971 

.105 

.135 

. 268 

.352 

176 

^7  .84 

Soft 

2,333,000 

2080 

.044 

.213 

.384 

177 

#7  .85 

Soft 

2,350,000 

2203 

.083 

.124 

.357 

.400 

178 

#7  .84 

Soft 

2,433,000 

2220 

. 133 

.143 

.286 

.345 

Av. 

2,370,000 

2168 

.086 

.160 

.342 

.372 

186 

7 1.64 

Soft 

1,900,000 

2068 

.079 

.213 

.372 

187 

4 1.71 

Soft 

3,100,000 

3404 

.238 

.286 

188 

1.61 

Soft 

Av. 

2,500,000 

2736 

.153 

.249 

.372 

Av. 

of  all  Soft, 

2,435,000 

2452 

.119 

.204 

.356 

.372 

Av. 

of  all  Spirals, 

2,578,000 

2713 

.112 

.169 

.312 

.362 

Note 

• All  columns  are  12  in.  in  diameter. 

about 

10  ft 

. 2 in. 

long,  made  from  a 1:2:4  mixture,  and  have  reinforcing  wires 
spaced  1 in.  center  to  center. 
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12  in.  in  diameter,  and  about  10  ft.  2 in.  long.  The  concrete  used  was  the 
same  in  all  spiral  columns,  a 1-2-4  mixture.  A variation  occurred  in  the 
stone  which  affected  the  strength  of  the  concrete,  but  since  an  equal  number 
of  columns  was  made  of  the  different  stone  in  each  of  the  following  groups, 
this  variation  may  be  neglected  -in  the  comparisons  which  will  be  made.  Table 
10  gives  complete  data  of  spiral  columns.  The  -olunns  will  be  grouped  ac- 
cording to  their  reinforcement  into  four  groups  of  three  columns  each,- 
group  A columns  No.  171,  172,  and  173,  reinforced  with  No.  7 high  carbon 
steel  wire;  group  B columns  No.  131,  132,  and  133,  reinforced  with  1/4  in 
high  carbon  steel  wire;  group  C columns  No.  176,  177,  and  173,  reinforced 
with  No.  7 soft  steel  wire;  and  group  D columns  136,  187,  and  133,  reinforced 
with  l/4  in  soft  steel  wire.  A comparison  will  now  be  made  of  the  above 
groups  relative  to  the  following  observed  phenomena  and  compute!  data,- 
(a)  stress  in  steel,  (b)  the  initial  modulus  of  elasticity  (E c),  (0)  the 
maximum  strength  an!  (d)  the  ratio  at  different  loads  o"  the  uni+  transverse 
deformation  to  the  unit  longitudinal  deformation,  Tablel0give3  values  of 

above  functions,  except  stress  in  the  steel,  for  each  column,  and  averages  for 
each  group  of  columns. 

STRESS  IN  THE  STEEL.  Since  the  collars  used  for  measuring  the 
transverse  deformation  did  not  set  directly  upon  the  spirals  out  upon  the 
concrete  surface  of  the  column,  no  very  reliable  computation  can  be  made 
of  the  stress  in  the  steel.  This  is  especially  true  for  transverse  deforma- 
tions at  or  near  the  maximum  load,  when  the  surface  of  the  column  was  scaling 
and  peeling  off.  It  will  be  assumed  that  the  unit  increase  in  diameter  of 
the  spiral  was  the  same  as  the  unit  increase  in  the  diameter  of  the  column. 
This  assumption  will,  it  is  thought,  give  stresses  greater  than  actually 
occurred  in  the  steel  due  to  the  fact  that  the  concrete  shrunk  in  drying 
and  had  to  expand  an  amoimt  equal  to  this  shrinkage  before  any  stress  oc- 


Table  1 1 . 


Col.  Group  Unit  Longitudinal  Unit  Transverse 

Ho.  Deformation  Deformation 


Load 

Load 

Load 

Load 

Load 

Load 

Load 

lb. per 

lb. per 

lb. per 

lb. per 

lb . per 

lb. per 

lb. per 

sq. in. 

sq. in. 

sq. in. 

sq. in. 

sq. in. 

sq. in. 

sq . in. 

500 

1000 

1500 

2000 

1000 

1500 

2000 

171 

A 

.00015 

. 00050 

.00099 

. 00227 

.00006 

.00015 

. 00040 

172 

A 

.00012 

.00038 

.00083 

.00224 

.00005 

.00015 

.00120 

173 

A 

. 00013 

.00041 

.00123 

.00355 

.00005 

.00020 

.00120 

Av. 

.00013 

.00043 

.00101 

.00269 

.00005 

.00017 

.00093 

181 

B 

.00020 

.00064 

.00170 

. 00454 

.00005 

.00030 

.00157 

182 

B 

.00013 

.00034 

.00070 

.00168 

.00005 

.00009 

.00025 

183 

B 

.00012 

.00035 

.00080 

.00176 

.00006 

.00026 

.00094 

Av. 

.00015 

.00044 

.00107 

.00266 

. 00005 

.00022 

.00092 

Av. 

of  Av 

.00014 

.00043 

.00104 

.00267 

.00005 

.00019 

.00092 

176 

C 

.00022 

.00062 

.00145 

.00450 

.00007 

.00040 

. 00160* 

177 

C 

.00020 

.00053 

.00117 

.00328 

.00004 

.00027 

.00130 

178 

c 

.00014 

.00044 

.00132 

.00368 

.00006 

.00020 

.00150 

Av. 

.00019 

.00053 

. 00131 

.00382 

.00006 

.00029 

.00147 

186 

D 

.00023 

.00070 

.00294 

.00900 

.00010 

.00075 

. 00260* 

187 

D 

.00015 

.00035 

. 00070 

.00147 

. 00009 

.00016 

.00030 

188 

D 

Eccentric  load 

• 

® Av. 

.00018 

. 00047 

. 00145 . 

.00398 

.00009 

.00036 

.00107 

Av. 

of  Av 

. 00019 

.00050 

.00138 

.00390 

.00007 

.00032 

.00127 

*WeightecU86  = 1,  187  = 2. 
Estimated  from  projected  curve. 


Dote:  Values  taken  from  curves 
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curred  in  the  reinforcement.  Using  the  above  assumpt ion  a comparison  of 
the  stress  in  the  reinforcing  steel  will  be  made.  By  definition  the  modulus 
of  elasticity  (E)  of  a material  is  the  ratio  of  the  unit  streos  (S)  to  the 

unit  deformation  (e)  within  the  elastic  limit  of  the  material.  Assuming 

* 

the  modulus  of  elasticity  or  steel  to  be  30,000,000  and  taking  the  average 
unit  transverse .deformat ion  for  each  group  of  columns  from  Table  If  the 
stress  in  the  steel  is  computed.  The  results  are  shown  in  Table  12. 

Table 


Load 

Unit 

Stress 

in  Steel 

lb.  per  sq.in. 

Croup  A 

Group  B 

Group  C Group  D 

1000 

1500 

1500 

1800  2700 

1500 

5100 

6600 

8700  10800 

2000 

27900 

2760C 

44100  32100 

The  stress  in  the  steel  increases  as  the  loads  increase  but  the  data  on 
transverse  deformation  is  not  sufficiently  accurate  to  justify  a statement 
that  the  elastic  limit  of  the  steel  was  exceeded  in  any  case.  It  is  the 
opinion  of  the  writer,  however,  that  the  yield  point -given  in  Table  4,  of  the 
soft  steel  and  No,  7 high  carbon  steel  was  generally  exceeded  before  the  final 
.failure  of  the  column  occurred. 

INITIAL  MODULUS  OF  ELASTICITY.  No  general  rational  method  of  de- 
termining the  modulus  of  elasticity  o'*  the  spiral  columns  was  found , but  for 
the  purpose  of  comparison  during  the  earlier  portion  of  the  loading,  a method 
of  coimouting  the  initial  modulus  of  elasticity  bv  dividing  the  unit  load  cor- 
responding  to  a unit  longitudinal  deformation  of  0.0012  in.  per  in.  by  one 
half  of  this  deformation  was  used.  The  value  0.0012  is  about  the  longitudinal 
deformation  found  for  plain  columns  at  maximum  load.  The  above  method  gives 
the  tangent  to  a parabola  with  its  vertex  at  a point  corresponding  to  a longi- 
tudinal deformation  of  0.0012  in  per  in.  The  value  of  the  initial  modulus 
of  elasticity  defined  above  will  be  called  Ec.  The  average  value  of  Ec  for 
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all  spiral  ool’imns  is  <3,578,000.  Columns  in  groups  A and  B have  a higher 
value  of  Be  than  the  average  of  3,733,000  ani  2,711,000  respectively. 

Columns  of  groups  C and  D fall  below  the  average  with  values  of  2,370,000  and 
2,500,000  respectively.  Since,  columns  of  groups  A and  B are  reinforced  with 
high  carbon  steel  and  columns  of  groups  0 and  D are  reinforced  wit}',  soft 
steel,  it  follows  that  high  carbon  steel  gives  a higher  valiie  of  Ec.  The 
stress-deformation  relation  oF  high  carbon  and  of  soft  steel  reinforced 
columns,  which  will  be  discussed  later,  indicates  that  the  above  conclusion 
is  correct. 

MAXIMUM  STRENGTH.  By  comparing  the  average  maximum  strength  of 
co lumns  of  group  A with  that  of  columns  of  group  D,  as  given  in  Table  10, 
it  is  seen  that  the  maximum  strength  of  columns  with  #7  high  carbon  wire  re- 
inforcement is  15.54  greater  than  that  of  columns  reinforced  with  the  No.  7 
soft  steel  wire.  A like  comparison  between  groups  B and  D show  an  increase 
of  25.54  with  the  high  carbon  reinforcement . The  relation  of  the  amount  of 
reinforcement  to  the  natimum  strength  of  columns  is  shown  very  clearly  in 
Fig.  56.  This  figure  in li cates  that  the  strength  of  a plain  column  is 
about  1600  lb.  per  sn.in.  The  table  also  shows  that  the  increase  in 
strength  of  a column  due  to  the  reinforcement  varies  directly  as  the  percent, 
reinforcement  and  that  this  ratio  of  increase  is  more  rapid  in  the  ease  of 
high  carbon  reinforcing  than  in  the  case  o’  soft  steel  reinforcing. 

RATIO  OF X c 6k  This  ration  is  commonly  called  Poissons  ratio. 

Th  ■ unit  longituli  al  ind  unit  transverse  deformation  are  represented  by 
£ and  X respectively.  Table  10  gives  values  of  Poisson's  ratio  at  various 
oads  for  the  different  groups  of  oolurns.  This  tables  shows  that  the  ratio 
to  6 increases  as  the  load  increases. 

STRESS-DEFORMATION  DIAGRAMS.  In  Fig.  5e  and  5f  and  Fig.  37  to  46 
are  given  the  streas-deformation  liagrams  for  spiral  columns.  On  pages  t oJz< 


* 


I 


0006. 


51 


Photograph  No.  7. 

VIEW  SHOWING  SCALING  OP  COLUMNS . 
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Photograph  Ho.  8. 


VIEW  SHOWING  TYPICAL  BUCKLING  AT  MAXIMUM  LOAD. 
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are  the  observed  and  computed  data  from  which  those  curves  were  plotted.  It 


will  be  noticed  that  both  the  longitudinal  and  transverse  deformations  and 
corresponding  unit  loads  are  plotted.  The  general  form  of  the  curves  is  the 
same.  A hump  in  the  longitudinal  curve  is  usually  noticeable  at  a unit 
stress  of  1200  to  1600  lb.  per  sq.in.  From  this  hump  the  curve  flattens  and 
the  deformations  increase  more  rapidly  than  before.  Before  reaching  this 
hump  the  curve  approximates  a parabola  as  in  plain  columns.  The  average  unit 


deformations  for  all  columns  in  groups  A and  B corresponding  to  unit  loads 
of  500,  1000,  1500,  and  2000  lb.  per  sq.in.  are  shown  by  a curve  in  Fig  5-d. 

A like  curve  is  plotted  for  columns  of  groups  C and  D.  These  curves  show 
that  both  the  transverse  and  longitudinal  unit  deformation  is  less  for  high 
carbon  reinforcement  than  for  soft  steel  reinforcement . Reasons  why  this 
should  be  true  have  been  sought  but  the  writer  can  offer  no  explanation. 

\r 

REPEATED  LOADS.  Column  173  of  group  A was  tested  by  repeating  the 
load.  After  a stress  of  2000  lb.  per  3q.in.  had  been  applied  the  load  was  re- 
moved. It  was  found  that  a permanent  unit  shortening  of  about  0.0025  had 
been  produced.  An  equal  load  was  again  applied  and  removed,  and  the  stress- 
deformation  curve  for  the  second  application  of  the  load  is  concave  to  the 

J 

load  axis  up  to  about  2/3  of  the  first  load  applied  as  shown  in  Fig.  5-e. 
instantaneous 

Since  the .mo  lulus  of  elasticity  at  any  point  on  the  curve  is  proportional 
to  the  tangent  to  the  curve  at  that  point,  it  follows  that  the  modulus  of 
elasticity  increases  with  the  load  in  the  reloading  process  instead  of  de- 
creasing with  the  increasing  pressure  as  under  first  load.  It  is  also  to 


be  no’ted  that 
tion  of  the  1 
ing  the  first 


instantaneous 

the  value  of  the^modulus  of 


elasticity  during  the 


second  applica- 


oad  was  much  greater  for  corresponding  stresses  than  it  was  dur- 
loaling,  In  order  to  estimate  to  some  degree  the  increased 


strength  which  was  added  by  the  reinforcing  all  spiral  reinforcing  was  re- 
moved after  a load  of  2000  lb.  per  sq.in.  had  been  twice  applied.  The  plain 
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Table  13 


TESTS  OF  CUBES 


Cube 

Age  at 

Maxiimur 

i Load 

Col. 

Age  at 

Maximum 

i Load 

No. 

Test 

Total 

lb . per 

No. 

Test 

Total 

lb . per 

days 

pounds 

sq. in. 

pounds 

sq. in. 

171, 

101 

405,000 

2810 

171 

56 

282,900 

2503 

171a 

101 

383,000 

2640 

182, 

93 

392,000 

2720 

182 

60 

429,300 

38C0 

1822 

93 

404,000 

2800 

186, 

102 

210,000 

1460 

186 

58 

233,900 

2068 

186, 

102 

204,000 

1320 

187, 

86 

235,000 

1630 

187 

62 

385,000 

3404 

18  7* 

86 

250,000 

1730 

176, 

99 

286,000 

1990 

176 

60 

235,000 

2080 

176* 

99 

215,000 

1500 

177, 

69 

267,000 

1780 

177 

64 

249,000 

2203 

177* 

69 

259,000 

1840 

178, 

69 

203,000 

1520 

178 

61 

251,000 

2220 

178* 

69 

220,000 

1410 

Av 


89 


1950 


60 


2611 


56 


column  then  supported  a load  of  1080  lb.  per  sq.in. 

ECCENTRIC  ROAD.  Column  183  of  group  D was  tested  with  an  eccentric 

load  ani  the  lateral  flexure  noted.  The  column  was  hinged  at  the  ends  in  a 

north  and  south  plane  by  placing  narrow  steel  bars  between  the  bearing  plates 

of  the  column  and  the  bearing  plates  of  the  machine.  These  narrow  bars  were 

1 1/4  in.  of  r center  at  each  end  of  the  column.  The  maximum  fiber  stress, 

assuming  a constant  modulus  of  elasticity,  is  given  by  the  formula 

S P/ a (1+_1  ) where  S is  the  stress  on  side  nearest  load,  P is  total  load, 
d 

a is  area  of  column,  p is  eccentricity  aid  d is  diameter  of  the  column.  As 
long  as  the  eccentricity  was  less  than  1 l/2  in.,  both  sides  of  the  column 
were  in  compression.  As  the  loads  increased  the  column  buckled  and  thus  in- 
creased the  eccentricity.  At  a uniform  load  of  about  900  lb.  per  sq.in. 
the  convex  side  of  the  column  was  put  in  tension  and  transverse  cracks  appear. 
At  maximum  load  the  lateral  flexure  amounted  to  0.73  in.  and  the  maximum  fiber 
stress  as  compute!  by  the  formula  above  was  3010  lb.  per  sq.in.  See  Pig.  5-f. 

CURES,  Many  of  the  cubes  were  tested  after  their  age  was  much 
greater  than  that  of  corresponding  columns.  This  fact  must  be  considered  in 
a comparison  between  the  strength  of  cubes  and  columns.  Table  13  gives  data 
for  cubes  and  corresponding  columns.  From  the  averages  gi^en  in  this  table 
the  average  strength  o?  the  columns  was  33.94  greater  than  that  of  corres- 
ponding cubes.  The  average  age  of  the  columns  and  cubes  was  60  and  89  days 
respectively.  In  test  made  at  the  University  of  Illinois  in  1906  by  Mr.  R.  C. 
Llewellyn,  cubes  of  the  same  dimensions  and  made  in  the  same  way  as  the 
above  had  a slightly  higher  "maximum  strength  than  corresponding  columns  re- 
inforced with  vertical  rods,  ^rom  the  above  considerations  it  is  thought 
that  the  spiral  reinforcing  gave  an  average  increase  in  strength  of  35  to  404. 

SUMMARY  AND  CONCLUSIONS.  The  high  carbon  reinforced  columns  differed 
from,  the  soft  steel  reinforced  columns  in  the  following  respects,- 
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(1)  The  maximum  strength  of  the  former  was  from  15  to  25 $ greater  than 
that  of  the  latter. 

(2)  Poisson's  ration  (-^r)  was  less  in  the  former  than  in  the  latter. 

e 

(3)  Both  the  longitudinal  an. I transverse  deformation  was  less  in  the 
former  than  in  the  latter. 

(4)  The  former  had  a somewhat  higher  initial  modulus  of  elasticity  than 
the  latter. 

(5)  By  an  equal  increase  in  the  percent  . reinforcement  the  strength  of 

the  former  was  increased  more  than  the  strength  of  the  latter. 

The  above  lifferenoes  are  due  to  the  difference  in  the  quality  of  the 
used  for 

steely^einforcement . The  properties  attributed  to  the  high  carbon  steel  are 

desirable  in  structural  work  and  would  justify  paying  from  25  to  40$  more  for 

high  carbon  steel  than  br  soft  steel,  "he  percent,  reinforcement  une.l  in 

these  columns  was  too  low  for  the  most  economical  construction.  In  order  to 

raise  the  percent,  reinforcement  an  increase  in  the  size  of  the  wire  would  be 

better  than  closer  spacing  of  spirals.  Repeated  loads  tend  to  raise  the 
instantaneous 

modulus  of  elasticity  of  hooped  concrete  columns  and  also  to  produce  a perman- 
ent shortening  in  the  column.  These  factors  should  be  considered  in  the  use 
of  hooped  columns  in  structural  work.  Spiral  hooped  columns  will  be  further 
discussed  in  connection  with  plain  and  band  hooped  columns  in  the  general 


summary  and  conclusions 


. 


■ 


■ 
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VI.  GENERAL  comparison  and  conclusions 

A general  comparison  will  now  be  made  of  the  three  kinds  of  columns. 

In  making  this  comparison  only  the  13-in.  columns  having  a 1-2-4  mixture  will 
be  considers!.  None  of  the  columns  made  with  gravel  or  tested  under  repeated 
or  eccentric  loads  will  be  used.  OR  the  hooped  columns  only  those  with  a 
2-in.  spacing  of  hoops  will  be  considered. 

STRENGTH.  The  following  are  the  average  maximum  loads  of  the 
different  columns,  plain  1636  lb.  per  sq.in.,  hooped  2773  lb.  per  sq.in., 
spiral  2635  lb.  per  sq.in.  These  value  are  average  results  of  all  the  columns 
considered,  regardless  of  the  amount  of  reinforcing  or  the  kind  of  steel  used 
for  reinforcement . The  average  reinforcement  of  the  hooped  columns  was  2.12 
per  cent.  wh; le  that  of  the  spiral  columns  was  1.26  p rcent . By  the  method 
heretofore  given  the  increase  in  strength  for  the  hooped  columns  was  found 
to  be  650  lb.  per  sq.in.  for  each  percent,  of  hoop  reinforcing.  In  a some- 
what similar  way  the  spiral  columns  show  an  increase  of  800  lb.  per  sq.in.  for 
each  percent,  of  reinforcing.  To  what  extent  the  higher  value  in  the  spiral 
columns  is  due  to  a higher  elastic  limit  in  part  of  the  spirals  is  not  here 
considered.  The  values  show  that  the  spiral  1'oin,'oroer ent  gave  higher 
strengths. 

INITIAL  MODULUS  OF  ELASTICITY.  The  initial  modulus  of  elasticity 
of  the  plain  columns  is  3,225,000  lb.  per  sn.in.,  of  the  hooped  columns  is 
2,620,000  lb.  per  sq.in.,  of  the  spiral  columns  is  2,570,000.  These  results 
3eem  to  show  that  the  plain  columns  have  a higher  initial  modulus  than  the 
reinforce!  columns.  This  difference  can  be  explained  by  the  fact  that  in 
computing  the  mo  lull  for  the  reinforced  columns , it  was  assumed  that  the 
plain  columns  would  stand  a unit  compression  of  .0012  while  as  a matter  of 
fact  they  stood  only  .000.  The  use  of  a smaller  abscissa  would  give  an  in- 


crease in  the  moduli  of  the  reinforced  columns. 
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SHORTENING  0?  REINFORCED  CONCRETE  COLUMNS  AND  ITS  EFFECT  UPON  THEIR 
USE  IN  BUILDING.  It  has  boon  proposed  by  some  that  high  working  stresses 
cannot  be  used  on  reinforced  concrete  columns  because  of  their  low  modulus 
of  elasticity,  and,  consequently,  their  great  amount  of  shortening  under  load. 
A study  of  the  diagrams  for  the  several  reinforced  columns  shows  that  ex- 
cessive shortening  does  not  occur  until  after  the  column  has  been  loaded  up 
to  the  full  strength  of  the  plain  concrete.  Uithin  the  stresses  which  may  be 
expected  on  such  columns,  the  deformation  would  not  be  excessive.  The  re- 
serve of  strength  beyond  this  becomes  a valuable  element  of  safety. 
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PLAIN  COLUMNS 


OBSERVED  AND  COMPUTED  DATA 
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COLUMN  101 
Observed  Lata 

Length  9 ft.  11  1/4  in.  Mixture  1—2—4. 

Gauge  length  100  in.  Age  when  tested,  62  days. 

Liameter  12  in.  Cement,  Chicago  AA. 


6000 

.0000  .0000 

.0000 

12000 

.0022  .0019 

.0020 

22000 

.0051  .0055 

.0060 

32000 

.0095  .0100 

.0104 

42000 

.0146  .0154 

.0150 

50000 

.0197  .0200 

.0194 

61000 

.0256  .0261 

.0249 

70500 

.0317  .0322 

.0305 

81000 

.0375  .0385 

.0372 

90500 

.0440  .0470 

.0451 

100000 

.0507  .0560 

.0535 

110000 

.0576  .0660 

.0637 

120000 

.0669  .0796 

.0760 

130000 

.0800  .0990 

.0935 

132000 

No  readings 

taken 

132000 

.1278  .1570 

.1520 

Transverse 

Extensometer  Headings 
Spring 
Collar. 

.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0010 
.0010 
.0013 
.0017 
.0020 
.0024 
.0029 
.0134 

1185  .0134 


Load  Longitudinal 

pounds  Extensometer  Headings 
I II  III  IV 

0000 
0005 
0046 
0084 
0130 
0172 
0219 
0272 
0322 
0378 
0432 
0488 
0558 
0668 
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COLUMU  101 
Computed  Data, 


Unit  Load 

Unit 

Elongation 

Unit 

Transverse 

per  sq.  in. 

Deformation 

Deformation 

inches 

inches 

53.0 

.000 

.00000 

.0000 

.000000 

106.0 

.002 

.00002 

.0000 

.000000 

195.0 

.005 

. 00005 

.0000 

.000000 

283.0 

.010 

.00010 

. 0000 

.000000 

372.0 

.015 

.00015 

. 0000 

.000000 

442.0 

.019 

. 00019 

.0000 

.000000 

540.0 

.025 

.00025 

.0010 

.000025' 

623.0 

.030 

.00030 

.0010 

. 000025  t 

717.0 

.036 

. 00036 

. 0013 

. 000030 

802.0 

.044 

. 00044 

.0017 

. 000050^ 

885.0 

.051 

.00051 

.0020 

.000060 

973.0 

.059 

.00059 

.0024 

.000070- 

1061.0 

.070 

.00070 

.0029 

. 000080^ 

1150.0 

.083 

. 00083 

.0125 

.000350  ' 

1168.0 

Maximum  load. 
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COLUMN  102 
Observed  Data 


Length  10  ft.  Mixture  1—2—4. 

Gauge  length  100  in.  Age  when  tested,  70  days. 

Diameter,  12  in.  Cement,  Chicago  AA. 


Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Spring 

Collar 

Solid 

Collar 

8000 

.000 

.000 

.000 

.000 

.0000 

.0000 

25000 

.002 

.003 

.004 

.003 

.0000 

.0000 

42000 

.005 

.007 

.010 

.008 

.0018 

.0000 

59000 

.008 

.011 

.015 

.013 

.0018 

.0000 

75000 

.012 

.015 

.020 

.017 

.0020 

.0000 

86000 

.016 

.019 

.022 

.020 

.0022 

.0040 

94500 

,020 

.021 

.025 

.024 

.0022 

.0040 

101000 

.022 

.023 

.027 

.027 

.0022 

.0040 

111000 

.026 

.027 

.031 

.031 

.0022 

.0040 

122500 

.031 

.031 

.035 

.036 

.0027 

.0040 

132200 

.035 

.034 

.038 

.040 

.0030 

.0040 

138000 

.037 

.037 

.041 

.043 

.0030 

.0040 

149200 

.042 

.040 

.045 

.048 

.0031 

.0040 

158000 

.048 

.045 

.050 

.055 

.0032 

.0047 

172000 

.056 

.053 

.057 

.064 

.0032 

.0047 

180000 

.063 

.058 

.062 

.070 

.0039 

.0047 

190000 

.069 

.063 

.068 

.076 

.0055 

.0048 

197000 

.075 

.068 

.072 

.084 

.0069 

.0053 

206500 

,085 

.074 

.073 

.091 

.0078 

.0055 

216000 

.105 

.087 

.091 

.110 

.0098 

.0061 

226000 

.125 

.100 

.102 

.134 

.0125 

.0061 

218000 

.160 

.123 

.127 

,170 

.0131 

.0062 

' 


. 
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COLUMN  102 
Computed  Data 


Unit  Load 
. per  sq.  in. 


Unit  Elongation 
Deformation 
inches 


Unit  Transverse 
Deformation 
inches 


70.8 

.000 

.00000 

.0000 

.000000 

221.0 

.003 

. 00003 

.0000 

.000000 

372.0 

.007 

.00007 

.0009 

.000025- 

527.0 

.012 

. 00012 

.0009 

.000025 

663.0 

.016 

.00016 

.0010 

.000030 

760.0 

.019 

.00019 

.0031 

.000080 

836.0 

.022 

.00022 

.0031 

.000080 

895.0 

.025 

.00025 

. 0031 

.000080 

982.0 

.029 

.00029 

.0031 

.000080 

1085.0 

.033 

.00033 

.0033 

.000090 

1168.0 

.037 

. 00037 

.0035 

.000100 

1220.0 

.040 

.00040 

.0035 

. 000100 

1329.0 

.044 

. 00044 

.0036 

. 000100 

1400.0 

.050 

.00050 

. 0037 

.000100 

1520.0 

.057 

.00057 

.0039 

.000110 

1590.0 

.066 

. 00066 

.0043 

.000120 

1680.0 

.069 

.00069 

.0051 

.000140 

1740.0 

.077 

.00077 

.0061 

.000170 

1830.0 

.082 

.00082 

.0066 

.000180 

1910.0 

.093 

.00093 

.0080 

.000220 

2000.0 

.115 

.00115 

.0093 

.00028 

. 
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COLUMN  104 
Observed  Data 


Length  10 

ft,  1 

1/4  in. 

Mixture 

1-2-4 . 

Gauge  length  100 

in. 

Age  when  tested.  65  days. 

Diameter 

12  in. 

Cement , 

Chicago  AA. 

Load 

Longitudinal 

Transverse 

pounds 

Extensometer  Headings  Extensometer  Readings 

I 

II 

III 

IV 

Solid  Collar 

5800 

.000 

.000 

.000 

.000 

.0000 

21000 

.003 

.003 

.003 

.004 

.0000 

31000 

.006 

.006 

.005 

.007 

.0000 

41500 

.007 

.009 

.008 

.009 

.0000 

52000 

.011 

.011 

.011 

.012 

.0000 

62000 

.014 

.014 

.014 

.015 

.0000 

72500 

.017 

.017 

.018 

.018 

.0000 

81000 

.020 

.020 

.020 

.020 

.0009 

91000 

.023 

.024 

.024 

.023 

.0011 

101000 

.027 

.028 

.028 

.027 

.0011 

111000 

.030 

.032 

.032 

.030 

.0012 

121000 

.035 

.037 

.036 

.035 

.0012 

131000 

.040 

.042 

.041 

.040 

.0012 

141000 

.045 

.049 

.048 

.044 

.0012 

151000 

.051 

.055 

.054 

.050 

.0012 

161000 

.057 

.060 

.061 

.056 

.0018 

171000 

.067 

.070 

.071 

.065 

.0022 

180000 

.081 

.091 

.088 

.077 

.0027 

' 


' 
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COLUMU  104 
Computed  Data, 


Unit  Load 

Unit 

Elongation 

Unit 

Transverse 

per  sq.  in. 

Deformation 

Deformation 

inches 

inches 

51.3 

.000 

.00000 

.0000 

.000000 

186.0 

.003 

.00003 

.0000 

.000000 

274.0 

.006 

.00006 

.0000 

. 000000 

367.0 

.008 

. 00008 

.0000 

.000000 

460.0 

.011 

.00011 

.0000 

.000000 

548.0 

.014 

.00014 

.0000 

.000000 

640.0 

.017 

.00017 

.0000 

. 000000 

717.0 

.020 

.•00020 

.0009 

. 000025  ^ 

805.0 

.023 

.00023 

.0011 

.000030 

895.0 

.027 

.00027 

.0011 

.000030 

982.0 

.031 

. 00031 

.0012 

.000030 

1070.0 

.036 

.00036 

.0012 

.000030 

1160.0 

.041 

. 00041 

.0012 

.000030 

1250.0 

.046 

.00046 

.0012 

.000030 

1335.0 

.052 

.00052 

.0012 

.000030 

1425.0 

.059 

.00059 

.0018 

.000050 

1515.0 

.068 

.00068 

.0022 

.000060 

1590.0 

.087 

.00087 

.0027 

. 000075 

. 
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COLUMU  105 


Observed  Tata 


Length  10  ft.  2 in. 
Gauge  length  100  in. 
Diameter  IE  in. 


Mixture  *1—2-4 . 

Age  when  tested,  60  days. 
Cement,  Universal, 


Load  Longitudinal 

pounds  Extensometer  Readings 


I 

II 

III 

IV 

6500 

.000 

.000 

.000 

.000 

10400 

.001 

.001 

.002 

.002 

21000 

.004 

.005 

.003 

.007 

30600 

.007 

.009 

.005 

.007 

40000 

.010 

.012 

.008 

.015 

50200 

.013 

.017 

.012 

.019 

60400 

.017 

.020 

.016 

.023 

69700 

.021 

.025 

.021 

.027 

80000 

.025 

.029 

.025 

.030 

90500 

.031 

.034 

.031 

.035 

98500 

.035 

.039 

,036 

.039 

110000 

.040 

.044 

.041 

,043 

117400 

.044 

.049 

.046 

.047 

129000 

.050 

.056 

.053 

.053 

140200 

.055 

* .062 

.059 

.058 

148000 

.060 

.069 

.066 

.064 

158000 

.066 

.076 

.073 

.070 

170000 

.077 

.093 

.089 

.083 

191500 

.086 

.102 

.099 

.092 

196000 

.095 

.107 

.111 

.099 

207000 

220000 

.106 

.123 

.126 

.110 
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COLUMN  105 
Computed  Data 


Unit  Load  Unit  Elongation 

lb.  per  sq.  in.  Deformation 

inches 


57.5 

. 0000 

. 000000 

92.0 

.0015 

. 000015 

186.0 

.0050 

.000050 

271.0 

.0070 

.000070 

354.0 

.0110 

.000110 

445.0 

.0150 

.000150 

535.0 

.0190 

.000190 

617.0 

.0235 

.000235 

7C8.0 

.0270 

.000270 

800.0 

.0330 

.000330 

872.0 

.0370 

.000370 

973.0 

.0420 

.000420 

1040.0 

.0465 

.000465 

1140.0 

.0530 

.000530 

1240.0 

.0585 

.000585 

1310.0 

.0650 

.000650 

1400.0 

.0710 

.000710 

1505.0 

.0850 

.000850 

1650.0 

.0950 

.000950 

1735.0 

.1030 

.000103 

1832.0 

.1160 

.001160 

1945.0 

Maximum 

load. 

- 


. 
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COLUMN  106 


Observed  Data 


Length  10  ft.  1 1/E  in. 
Gauge  length  100  in. 
Diameter  12  in. 


Mixture  1-2-4. 

Age  when  tested,  66  days. 
Cement , 


Load  Longitudinal 

pounds  Extensometer  Readings 


Transverse 

Extensometer  Readings 


I 

II 

III 

IV 

Solid 

Johns 

5000 

.000 

.000 

.000 

.000 

.0000 

.0000 

12000 

.001 

.002 

.002 

.000 

.0000 

.0000 

23000 

.003 

.004 

.004 

.003 

.0000 

.0000 

34500 

.006 

.007 

.008 

.006 

.0000 

.0000 

45500 

.009 

.010 

.011 

.008 

.0000 

.0007 

56500 

.012 

.014 

.015 

.011 

.0000 

.0007 

5000 

.002 

.002 

.002 

.001 

.0000 

.0003 

56500 

.013 

, 015 

.015 

.008 

.0007 

.0010 

6000 

.003 

.003 

.003 

.000 

.0007 

.0003 

59000 

.014 

.016 

.016 

.010 

.0007 

.0005 

6000 

.003 

.003 

.003 

.002 

.0007 

.0003 

57500 

.014 

.016 

.016 

.012 

.0007 

.0005 

6000 

.003 

.003 

.003 

.003 

.0007 

.0009 

59000 

.015 

.017 

.016 

.012 

.0007 

.0005 

6000 

.003 

.004 

.003 

.004 

.0007 

.0003 

57000 

.014 

.016 

.016 

.013 

.0007 

.0003 

6000 

.003 

.004 

.003 

.004 

.0007 

.0003 

55500 

.014 

.016 

.015 

.012 

.0007 

.0003 

6000 

.003 

.004 

.003 

.004 

.0007 

.0001 

56500 

.014 

.016 

.015 

,012 

.0007 

.0004 

6000 

.004 

.004 

.003 

.004 

.0007 

.0000 

58000 

.014 

.017 

.016 

.012 

.0008 

.0005 

6000 

.004 

.004 

.003 

.004 

.0008 

.0002 

56000 

.014 

.016 

,015 

.010 

.0008 

.0005 

65000 

.016 

.019 

.018 

.013 

.0008 

.0007 

76500 

.020 

.023 

.021 

.016 

.0008 

.0008 
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COLUMN  106 
Computed  Lata 


Unit  Load 
lb.  per  sq.  in. 


44.0 

106.0 

204.0 

305.0 

402.0 

500.0 

44.0 

500.0 

53.2 

522.0 

53.2 

508.0 

53.2 

522.0 

53.2 

505.0 

53.2 

491.0 

53.2 

500.0 

53.2 

513.0 

53.2 

500.0 

575.0 

677.0 


Unit  Elongation 
reformation 
inches 


0000 

.000000 

0010 

.000010 

0035 

.000035 

0070 

.000070 

0095 

. 000095 

0130 

.000130 

0010 

.000010 

0130 

.000130 

0020 

.000020 

0140 

.000140 

0030 

.000030 

0145 

.000145 

0030 

.000030 

0150 

.000150 

0035 

.000035 

0150 

.000150 

0035 

.000035 

0140 

. 000140 

0035 

.000035 

0150 

.000150 

0035 

.000035 

0150 

.000150 

0040 

.000040 

0140 

.000140 

0165 

.000165 

0200 

.000200 

Unit  Transverse 
reformation 
inches 


00000 

.000000 

00000 

.000000 

00000 

.000000 

00000 

.000000 

00035 

.000010 

00035 

.000010 

00015 

.000005 

00085 

.000024 

00050 

. 000014 

00060 

.000017 

00050 

.000014 

00050 

.000017 

00055 

.000015 

00060 

.000017 

00050 

.000014 

00050 

. 000014 

00050 

. 000014 

00075r 

. 000020 1 

00040 

.000011 

00055 

.000015 

0C035 

. 000010 

00065 

.000018 

00050 

.000014 

,00065 

.000018 

,00075 

.000021 

,00080 

.000022 

. 
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COLUMN  108 
Observed  Data 


Length  10  ft.  Mixture  1—2—4. 

Gauge  length  100  in.  Age  when  tested,  7E  days. 

Diameter  IE  in.  Cement, 


Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Spring 

Collar 

Solid 
. Collar 

6000 

.000 

.000 

.000 

.000 

.0000 

.0000 

13400 

.002 

.001 

.002 

.003 

.0000 

.0000 

22000 

.004 

.002 

.004 

.007 

.0007 

.0008 

33600 

.007 

.004 

.007 

.010 

.0007 

.0008 

51000 

.012 

.008 

.008 

.015 

.0007 

.0008 

56500 

.014 

.010 

.010 

.018 

.0007 

.0008 

6000 

.001 

.001 

.004 

.003 

.0013 

.0020 

56500 

.014 

.010 

.009 

.018 

.0016 

.0020 

6000 

.002 

.001 

.004 

.003 

.0016 

.0020 

57000 

.014 

.010 

.009 

.018 

.0016 

.0020 

6000 

.002 

.001 

.005 

.004 

.0016 

.0020 

58400 

.015 

.010 

.009 

.019 

.0016 

. 0020 

6000 

.002 

.001 

.004 

.004 

.0016 

.0020 

56500 

.015 

.011 

.008 

.019 

.0016 

.0020 

6000 

.003 

.001 

.004 

.004 

.0016 

.0020 

56500 

.015 

.011 

.009 

,019 

.0016 

.0020 

6000 

.0032  .0015 

.0041 

.0047 

.0016 

.0020 

56500 

.0155  .0111 

.0088 

.0195 

.0016 

.0020 

6000 

.0035  .0017 

.0036 

.0048 

.0016 

.0020 

56500 

.0156  ,0112 

.0090 

.0196 

.0016 

.0020 

6000 

.0037  .0018 

.0035 

.0050 

.0016 

.0020 

56500 

.0160  .0114 

.0091 

.0199 

.0016 

.0020 

6000 

.0038  .0019 

.0035 

.0050 

.0016 

.0020 

64000 

.0183  .0133 

.0110 

.0219 

.0016 

,0020 

79E00 

.0231  .0175 

.0153 

.0265 

.0016 

.0020 

91000 

.0274  .0215 

.0191 

.0303 

.0013 

.0013 

104000 

.0335  .0267 

.0243 

.0357 

.0013 

.0017 

113000 

.0390  .0314 

.0289 

.0385 

.0016 

.0031 

Continued . 
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COLUMN  108 
Observed  Lata 


Load 

Longitudinal 

Transverse 

pounds 

Extensometer  Headings 

Extensometer  Headings 

I II  III  IV 

Spring 

Solid 

Collar 

Collar 

6000 

.0098  .0063  .0020  .0089 

.0014 

.0029 

114000 

.0408  .0330  .0309  .0411 

.0014 

.0030 

6000 

.0109  .0072  .0038  .0100 

.0014 

.0030 

114500 

.0438  .0349  .0319  .0428 

.0017 

.0032 

6000 

.0121  .0081  .0037  ,0113 

.0017 

.0031 

114500 

.0451  .0359  .0325  .0441 

.0018 

.0032 

6000 

.0129  .0088  .0065  .0123 

.0018 

.0032 

114500 

.0460  .0364  .0358  .0450 

.0018 

.0032 

6000  , 

.0136  .0090  .0085  .0130 

.0018 

.0032 

114000 

.0465  .0369  .0375  .0458 

.0018 

.0033 

6000 

.0142  .0097  .0089  .0135 

.0018 

.0033 

113000 

.0472  .0370  .0380  .0462 

.0020 

.0039 

6000 

.0149  .0099  .0094  .0142 

.0020 

.0040 

114000 

.0479  .0375  .0386  .0470 

.0026 

.0042 

6000 

.0151  .0100  .0099  .0148 

.0025 

.0042 

116000 

.0492  .0385  ,0396  .0480 

.0029 

.0047 

6000 

.0153  .0101  .0099  .0149 

.0028 

.0043 

6000 

.0147  .0097  .0091  .0148 

.0028 

.0043 

114000 

.0493  .0379  .0395  .0484 

.0029 

.0048 

126000 

.0539  .0423  .0434  .0520 

.0029 

.0049 

143000 

.0617  .0504  .0489  .0577 

.0032 

. 0050 

153000 

.0704  .0600  .0525  .0650 

.0037 

.0060 

165000 

• 

Concluded . 


COLUMN  108 


Computed  Data 


Unit  Load 

Unit  Elongation 

Unit 

Transverse 

per  sq.  in. 

Deformation 

Deformation 

inches 

inches 

53.0 

.000 

.00000 

.0000 

.00000 

117.5 

.002 

.00002 

.0000 

.00000 

195.0 

.004 

. 00004 

.0007 

.00002 

297.0 

.007 

.00007 

.0007 

.00002 

452.0 

.011 

.00011 

.0007 

.00002 

500.0 

.013 

. 00013 

.0007 

.00002 

53.2 

.000 

.00000 

.0016 

. 00004 

500.0 

.013 

. 00013 

.0018 

.00005 

53.2 

.000 

.00000 

.0018 

t 00005 

505.0 

.013 

. 00013 

.0018 

.00005 

53.2 

.000 

.00000 

.0018 

.00005 

517.0 

.013 

. 00013 

.0018 

.00005 

53.2 

.000 

.00000 

.0018 

.00005 

500.0 

.013 

.00013 

.0018 

.00005 

53.2 

.000 

.00000 

.0018 

.00005 

500.0 

.0135 

.000135 

.0018 

.00005 

53.2 

.0013 

.000013 

.0018 

.00005 

500.0 

.0137 

. 000137 

.0018 

. 00005 

53.2 

.0016 

.000016 

.0018 

.00005 

500.0 

.0138 

. 000138 

.0018 

.00005 

53.2 

. 0017 

.000017 

.0018 

.00005 

500.0 

.0141 

.000141' 

.0018 

.00005 

53.2 

.0018 

.000018 

.0018 

.00005 

567.0 

.0161 

. 000161 

.0018 

. 00005 

700.0 

.0206 

.000206 

.0013  .00004 

805.0 

.0246 

.000246 

.0013 

.00004 

922.0 

.0300 

,000300 

.0015 

. 00004 

1000.0 

.0344 

.000344 

.0023 

.00006 

Continued . 
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COLUMH  108 
Computed  Data 


Unit  Load 

Unit 

Elongation 

Unit 

Transverse 

per  sq.  in. 

Deformation 

Deformation 

inches 

inches 

53.2 

.0067 

.000067 

.0021 

. 00006- 

1010.0 

.0365 

.000365 

.0022 

.00006 

53.2 

.0080 

.000080 

.0022 

.00006 

1015.0 

.0383 

.000383 

. 0024 

.00007 - 

53.2 

.0088 

.000088 

.0024 

.00007 

1015.0 

.0394 

.000394 

.0025 

.00007  - 

53.2 

.0101 

.000101 

.0025 

.00007 

1015.0 

.0408 

.000408 

.0025 

.00007 

53.2 

.0110 

.000110 

.0025 

.00007 

1010.0 

.0417 

.000417 

.0026 

.00007 

53.2 

.0116 

.000116 

.0026 

. 00007 

1000.0 

.0421 

.000421 

.0029 

.00008 

53.2 

.0121 

.000121 

.0030 

.00008 

1010.0 

.0427 

.000427 

.0034 

.00010 

53.2 

.0124 

.000124 

. 0034 

.00010 

1025.0 

.0438 

.000438 

.0038 

.00011 

53.2 

.0125 

.000125 

,0035 

.00010 

53.2 

.0121 

.000121 

.0035 

.00010 

1010.0 

.0438 

.000438 

.0038 

. 00011 

1115.0 

.0486 

.000486 

.0039 

.00011 

1265.0 

.0547 

.000547 

.0041 

.00012 

1355.0 

.0620 

.000620 

.0048 

.00013 

1460.0 

Maximum  load. 

Concluded 


COLUMN  111 


Length  9 ft.  11  in. 
Gauge  length  100  in. 
Diameter  12  in. 


Observed  Lata 

Mixture  1—1  1/2—3, 

Age  when  tested,  65  days. 
Cement,  Chicago  AA. 


Load  Longitudinal 

pounds  Extensometer  Readings 


Transverse 

Extensometer  Readings 


I 

II 

III 

IV 

Spring 

Collar 

Solid 

Collar 

10000 

.000 

.000 

.000 

.000 

.0000 

.0000 

11000 

.001 

.000 

.001 

.001 

.0000 

. 0000 

21000 

.002 

.002 

.005 

.005 

.0000 

.0000 

31300 

.005 

.005 

.009 

.009 

.0000 

.0000 

41500 

.008 

.008 

.013 

.012 

.0000 

.0000 

51000 

.011 

.012 

.018 

.015 

.0000 

.0013 

61000 

.014 

.016 

.022 

.018 

.0000 

.0015 

71500 

.018 

.021 

.027 

.020 

.0000 

.0015 

81500 

.0215 

.025 

.032 

.022 

.0000 

.0015 

91000 

.025 

.029 

.036 

.023 

.0000 

.0015 

101500 

.030 

.034 

.041 

.027 

.0000 

.0015 

110500 

.034 

.039 

.046 

.031 

.0000 

.0018 

120000 

.039 

.044 

.052 

.035 

.0000 

.0019 

131000 

.044 

.050 

.057 

.041 

.0000 

.0019 

141000 

.049 

.055 

.063 

.046 

.0000 

.0019 

151000 

.054 

.061 

.069 

.051 

.0000 

.0020 

161500 

.060 

.068 

.076 

.057 

.0000 

.0048 

171300 

.066 

.075 

.083 

.062 

.0000 

.0054 

181000 

.072 

.082 

.091 

.067 

.0000 

.0063 

191500 

.079 

.090 

.099 

.074 

.0000 

.0072 

200500 

.086 

.100 

.107 

.081 

.0038 

.0079 

210500 

.094 

.107 

.117 

.089 

.0039 

.0081 

220500 

.105 

.119 

.128 

.099 

.0049 

.0112 

230000 

.115 

.130 

.140 

.110 

.0054 

.0141 

240000 

.130 

.149 

.157 

.125 

.0090 

.0200 

76 


COLUMN  111 
Computed  Data 


Unit  Load 
lb.  per  sq.  in. 


Unit  Elongation 
Deformation 
inches 


Unit  Transverse 
Deformation 
inches 


88.5 

.000 

.00000 

.0000 

.00000 

97.3 

.001 

. 00001 

.0000 

. 00000 

186.0 

.003 

. 00003 

.0000 

.00000 

277.0 

.007 

.00007 

.0000 

.00000 

367.0 

.010 

. 00010 

. 0000 

.00000 

451.0 

.014 

. 00014 

. 0013 ' 

.00003' 

540.0 

.017 

.00017 

. 0015- 

. 00004  - 

633.0 

.021 

.00021 

. 0015- 

. 00004  ' 

722.0 

.025 

.00025 

. 0015' 

. 00004 

810.0 

.028 

.00028 

. 0015 

. 00004 

898.0 

.033 

.00033 

. 0015 

. 00004 

978.0 

.038 

.00038 

.0015 

. 00005 

1062.0 

.043 

, 00043 

.0019' 

.00005 

1160.0 

,048 

. 00048 

.0019 

. 00005- 

1250.0 

.053 

.00053 

.0019 

.00005 

1337.0 

.059 

.00059 

.0020 

,00006 

1430.0 

.065 

.00065 

.0024' 

.00007 

1515.0 

.072 

.00072 

.0027- 

,00008 

1600.0 

.078 

. 00078 

.0031^ 

.00009 

1695.0 

.086 

.00086 

'.  0036 

.00010 

1775.0 

.094 

.00094 

.0058^ 

.00016^ 

1860,0 

.102 

.00102 

.0060 

.00017' 

1950,0 

.113 

. 00113 

.0080 

.00022 

2035.0 

.124 

. 00124 

.0097^ 

. 00027  l" 

2120.0 

.140 

. 00140 

.0145' 

. 00040  u' 

77 


COLUMN  112 


Observed  Lata 


Length  10  ft. 

Gauge  length  100  in. 
Liaraeter  12  in. 


Mixture  1-1  1/2-3. 

Age  when  tested,  62  days. 
Cement,  Chicago  AA. 


Load  Longitudinal  Transverse 

pounds  Extensoraeter  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Spring 

Collar 

Solid 

Collar 

6300 

.000 

.000 

.000 

.000 

.0000 

.0000 

12000 

.001 

.001 

.001 

.001 

.0000 

.0000 

21000 

.003 

.002 

.004 

.004 

.0000 

.0000 

31000 

.005 

.004 

.006 

.006 

.0000 

.0000 

41000 

.007 

.006 

.008 

.009 

.0000 

.0000 

51000 

.010 

.008 

.010 

.011 

.0000 

.0000 

61000 

.012 

.011 

.012 

.014 

.0000 

.0000 

72000 

.015 

.013 

.015 

.017 

.0000 

.0000 

82000 

.018 

.016 

.017 

.019 

.0000 

.0006 

91000 

.020 

.013 

.019 

.022 

.0000 

.0007 

102000 

.023 

.021 

.022 

.024 

. 0000 

.0008 

111000 

.026 

.024 

.024 

.028 

.0000 

.0008 

122000 

.029 

.027 

.027 

.031 

.0000 

.0009 

131000 

.032 

.029 

.029 

.034 

.0000 

.0009 

141000 

.035 

.033 

.032 

.037 

.0000 

.0010 

151000 

.039 

.036 

.035 

.040 

.0000 

.0012 

161000 

.042 

.039 

.039 

.044 

.0000 

.0012 

172000 

.046 

.043 

.041 

.048 

.0011 

. .0021 

182000 

.050 

.046 

.045 

.051 

.0015 

.0022 

192000 

.054 

.050 

.049 

.055 

.0017 

.0022 

202000 

.057 

.054 

.052 

.060 

.0020 

. 0025 

211000 

.062 

.059 

.057 

.064 

.0020 

.0025 

221000 

.067 

.064 

,062 

.070 

,0023 

.0029 

231000 

.074 

.070 

.068 

.077 

.0038 

. 0035 

240000 

.078 

.075 

.073 

.081 

.0039 

.0038 

251000 

.085 

.082 

.079 

.088 

.0040 

.0042 

261000 

.091 

.089 

.083 

.095 

.0065 

.0053 

271000 

.099 

.098 

.091 

.104 

.0082 

.0080 

281000 

.111 

.111 

.105 

.119 

.0112 

.0108 

. 
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COLUMN  118 
Computed  Lata 


Unit  Load 
It.  per  sq.  in. 


Unit  Elongation 
reformation 
inches 


Unit  Transverse 
reformation 
inches 


56.0 

.000 

.00000 

.0000 

. 00000 

106.0 

.001 

.00001 

.0000 

.00000 

186.0 

.003 

.00003 

,0000 

.00000 

274.0 

.005 

. 00005 

.‘0000 

.00000 

362.0 

.007 

.00007 

,0000 

.00000 

451.0 

.010 

. 00010 

.0000 

. 00000 

540.0 

.012 

. 00012 

.0000 

.00000 

637.0 

.015 

. 00015 

.0000 

. 00000 

725.0 

.018 

.00018 

. 0006 

. 00002 

805.0 

.020 

.00020 

.0007 

. 00002 

903.0 

.0225 

.00022 

.0008 

.00002 

983.0 

.025 

.00025 

.0008 

.00002 

1080,0 

.028 

.00028 

.0009 

.00002 

1160.0 

.031 

. 00031 

.0009 

. 00002 

1250.0 

.034 

. 00034 

.0010 

. 00003 

1335.0 

.037 

.00037 

.0012 

.00003 

1425.0 

.041 

. 00041 

.0012 

. 00003 

1520.0 

.044 

. 00044 

.0016 

. 00004 

1610.0 

.048 

.00048 

.0018 

. 00005 

1700.0 

.052 

.00052 

.0019 

.00005 

1790.0 

.056 

.00056 

.0022 

. 00006 

1870.0 

.060 

.00060 

.0022 

.00006 

1955.0 

.066 

.00066 

.0026 

.00007 

2040.0 

.072 

.00072 

.0036 

.00010 

2125.0 

.077 

.00077 

.0038 

.00010 

2220.0 

.084 

. 00084 

.0041 

.00012 

2310.0 

.089 

.00089 

.0059 

.00017 

2400.0 

.098 

. 00098 

.0080 

.00022 

2490.0 

.111 

. 00111 

.0108 

.00030 

. 
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COLUMN  116 


Observed  Lata. 


Length  10  ft.  1 in. 
Gauge  length  100  in. 
Liameter  12  in. 


Mixture  1—3—6. 

Age  when  tested,  61  days. 
Cement,  Chicago  AA. 


Load  Longitudinal  Transverse 

pounds  Extensometer  Headings  Extensometer  Readings 


I 

II 

III 

IV 

Spring 

Collar 

Solid 

Collar 

5700 

.000 

.000 

.000 

.000 

.0000 

.0000 

11500 

.001 

.002 

.001 

.001 

.0000 

.0000 

21500 

.002 

.004 

.004 

.004 

.0000 

.0000 

31000 

.005 

.006 

.006 

.007 

.0000 

.0000 

41500 

.008 

.010 

.010 

.011 

.0000 

.0000 

51500 

.012 

.014 

.014 

.015 

.0000 

.0000 

60500 

.016 

.017 

.019 

.020 

.0000 

.0000 

71500 

.021 

.022 

.023 

.026 

.0012 

.0008 

81000 

.027 

.028 

.029 

.028 

.0012 

.0008 

90300 

.034 

.036 

.038 

.040 

.0023 

.0010 

100000 

.044 

.048 

.051 

.051 

. 0033 

.0011 

108300 

.088 

.099 

.101 

.095 

.0067 

.0020 

75000 

.150 

.160 

.153 

.151 

.0072 

.0205 

' 
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COLUMN  116 
Computed  Lata 


Unit  Load 
1L.  per  sq.  in. 


50.5 

101.7 

190.0 

274.0 

367.0 

455.0 

535.0 

633.0 

717.0 

800.0 

885.0 

960.0 


Unit  Elongation 
Le format ion 
inches 


000 

.00000 

001 

. 00001 

004 

.00004 

006 

.00006 

010 

. 00010 

014 

. 00014 

018 

.00018 

023 

.00023 

028 

.00028 

037 

. 00037 

049 

.00049 

096 

.00096 

Unit  Transverse 
Deformation 
inches 


.0000 

.00000 

.0000 

.00000 

.0000 

. 00000 

.0000 

.00000 

.0000 

.00000 

.0000 

.00000 

.0000 

. 00000 

.0010 

.00003  ' 

.0010 

.00003  ' 

.0016 

, 0C004  ' 

.0022 

. 00006 x 

.0043 

.00012  . 
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COLUMN  117 
Observed  Lata 


Length  10  ft.  3/4  in.  Mixture  1-3-6. 

Gauge  length  100  in.  Age  when  tested,  62  days. 

Liaraeter  12  in.  Cement, 

Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Spring 

Collar 

Solid 

Collar 

5000 

.000 

.000 

.000 

.000 

.0000 

.0040 

13400 

.002 

.002 

.001 

.002 

.0000 

.0040 

23000 

.005 

.003 

.004 

.006 

.0000 

.0040 

30900 

.008 

.006 

.006 

.009 

.0004 

.0040 

40000 

.012 

.010 

.009 

.012 

.0004 

.0040 

51000 

.018 

.015 

.013 

.017 

.0004 

.0040 

60500 

.022 

.019 

.017 

.021 

.0008 

.0040 

70500 

.029 

.024 

.021 

.026 

.0008 

.0040 

80300 

.036 

.030 

.026 

.033 

.0016 

.0040 

90000 

.044 

.038 

.034 

.041 

.0025 

.0066 

99000 

.054 

.047 

.043 

.051 

.0033 

.0066 

110000 

.067 

.060 

.053 

.062 

.0042 

.0067 

120000 

126000 

115000 

.091  .080 

No  readings 
No  readings 

.074 

taken. 

taken. 

.085 

.0070 

.0082 
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COLUMN  117 
Computed  Lata 


Unit  Load 
lb.  per  sq.  in. 


Unit  Elongation 
Le format ion 
inches 


Unit  Transverse 
reformation 
inches 


44.2 

.000 

.00000 

.00000 

.00000 

118.5 

.002 

.00002 

.00000 

.00000 

203.0 

.004 

. 00004 

.00000 

.00000 

273.0 

.007 

.00007 

.00002 

.00000 

354.0 

.011 

. 00011 

.00002 

.00000 

452.0 

.016 

. 00016 

,00002 

. 00000 

535.0 

.020 

.00020 

.00004 

.00001 

623.0 

.025 

.00025 

.00004 

. 00001 

711.0 

.031 

.00031 

. 00008 

.00002 

796.0 

.039 

.00039 

.00250 

.00007 

875.0 

.049 

.00049 

. 00290 

. 00008 

973.0 

.060 

.00060 

. 00340 

.00009 

1060.0 

.082 

.00082 

,00560 

.00015 

1120.0 

Maximum 

load. 

■ 
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COLUMN  121 
Observed  Data 


Length  10  ft . 1 in. 
Gauge  length  100  in. 
Diameter  12  in. 


Mixture  1—4—8. 

Age  when  tested,  63  days. 
Cement,  Chicago  AA. 


Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Spring 

Collar 

Solid 

Collar 

5700 

.000 

.000 

.000 

.000 

. 0000 

.0000 

11200 

.000 

.001 

.003 

.003 

.0000 

.0000 

20500 

.003 

.003 

.010 

.000 

.0000 

.0005 

30600 

.008 

.009 

.018 

.007 

.0000 

. 0010 

40300 

.015 

.017 

.029 

.017 

.0000 

.0018 

50000 

.028 

.031 

.045 

.030 

.0000 

.0025 

60000 

65000 

.050  .059 

STo  readings 

.074 

taken. 

.055 

.0032 

.0043 

53000 

.131 

.164 

.175 

.155 

.0105 

.0118 

40000 

.205 

.231 

.192 

.225 

.0105 

.0110 

. 
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Unit  Load 
Lb.  per  sq.  in. 


50.5 

99.0 

181.5 

270.0 

357.0 

442.0 

530.0 

575.0 


COLUMU  121 

Computed  Bata 


Unit  Elongation 
Deformation 
inches 


.000 

.00000 

.002 

.00002 

.004 

.00004 

.010 

.00010 

.019 

.00019 

.033 

.00033 

.059 

.00059 

Maximum 

load. 

Unit  Transverse 
Deformation 
inches 


0000 

.00000 

0000 

.00000 

0005 

. 00001 

0010 

. 00003' 

0018 

.00005 

0025 

.00007 

0043 

.00012 
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COLUMN  122 


Observed  Lata 


Length  10 

ft. 

Mixture  1-4—8. 

Gauge  length  100 

in. 

Age 

when  tested 

63  days . 

Liameter 

12  in. 

Cement,  Chicago 

AA. 

Load 

Longitudinal 

Transverse 

pounds 

Extensometer 

Readings 

Extensometer  Readings 

I 

II 

III 

IV 

Spring 

Solid 

Collar 

Collar 

6500 

.000 

.000 

.000 

.000 

.0000 

.0000 

11000 

.001 

.001 

.001 

.002 

.0000 

.0000 

21000 

.007 

.004 

.007 

.008 

.0000 

.0000 

31000 

.016 

.016 

.015 

.017 

.0013 

.0000 

40000 

.028 

.023 

.025 

.027 

.0013 

.0000 

50000 

.046 

.040 

.040 

.042 

.0013 

.0000 

60000 

.080 

.080 

.067 

.076 

.0013 

.0000 

65000 

.195 

.196 

.168 

.173 

.0157 

. 0337 
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COLUMN  122 
Computed  Lata 


Unit  Load  Unit  Elongation 

rb.  per  sq.  in.  reformation 

inches 


57.5 

.000 

.00000 

97.5 

.001 

. 00001 

186.0 

.007 

.00007 

274.0 

.016 

.00016 

354.0 

.026 

.00026 

442.0 

.043 

. 00043 

531 . 0 

.076 

.00076 

575.0 

.183 

.00183 
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COLUMN  126 


Observed  Lata 


Length  10  ft.  1 in. 
Gauge  length  100  in. 
Liameter  12  in. 


Mixture  1-2-4. 

Age  when  tested,  59  days 
Cement,  Chicago  AA. 


Load  Longitudinal 

pounds  Extensometer  Readings 


I 


6000 

.000 

10000 

.001 

21000 

.005 

31000 

.011 

40000 

.017 

51000 

.025 

61000 

.033 

71000 

.042 

80000 

.054 

90000 

.071 

94600 

.094 

II 

III 

IV 

.000 

.000 

.000 

.001 

.001 

.002 

.004 

.006 

.008 

.009 

.011 

,014 

.014 

.016 

.019 

.022 

.024 

.027 

.030 

.031 

.025 

.041 

.041 

.043 

.056 

.062 

.054 

.079 

.075 

.071 

.107 

.109 

.095 

8r, 


COLUMN  126 
Computed  Lata 


Unit  Load 
lh.  per  sq.  in. 


Unit  Elongation 
reformation 
inches 


53.0 

.000 

.000000 

88.5 

.001 

.000010 

186.0 

.006 

.000060 

274.0 

.011 

.000110 

354.0 

.0165 

.000165 

452.0 

.0245 

. 000245 

540.0 

.0300 

. 000300 

628.0 

.0410 

.000410 

708.0 

.0545 

.000545 

797.0 

.0740 

.000740 

845.0 

.1020 

.001020 
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COLUMN  127 

Observed  Data 

Length  10  ft 

. 

Mixture 

1—2—4  gravel. 

Gauge 

length  100 

in. 

Age  when 

tested. 

67  days. 

Diameter  12 

in. 

Cement, 

Load 

Longitudinal 

Transverse 

pounds 

Extensometer  Headings 

Extensometer  Readings 

I 

II 

Ill 

IV 

Spring 

Solid 

Johnson. 

Collars 

6000 

.000 

,000 

.000 

.000 

.0000 

.0000 

.0005 

11000 

.001 

.002 

.002 

,001 

.0000 

.0000 

.0005 

16000 

.002 

.003 

.004 

.003 

.0000 

.0000 

.0005 

22000 

.003 

.004 

.006 

.006 

.0007 

.0000 

.0006 

28000 

.005 

.006 

.009 

.008 

.0008 

.0000 

.0006 

3400  C 

,007 

.008 

.012 

.010 

.0008 

,0000 

.0006 

40000 

.009 

,010 

.014 

.012 

.0027 

.0000 

.0007 

46000 

.011 

.013 

.016 

.014 

.0027 

.0000 

.0009 

52000 

.013 

.014 

.019 

.016 

.0028 

.0000 

.0010 

58000 

.015 

,014 

.022 

.019 

. 0028 

.0000 

.0010 

64000 

.018 

.014 

.025 

.021 

.0028 

.0000 

.0010 

7C000 

.020 

.016 

.028 

.024 

.0030 

.0005 

,0010 

76000 

.023 

.019 

.031 

.027 

.0030 

.0006 

.0010 

82000 

.026 

.021 

.034 

.030 

.0030 

.0008 

.0017 

88000 

.029 

.025 

.037 

.033 

.0030 

.0009 

.0020 

94000 

.032 

.028 

.041 

.037 

,0030 

.0024 

.0026 

100000 

.036 

.032 

.046 

.040 

.0030 

. 0024 

.0026 

106000 

,039 

.035 

.050 

.044 

.0042 

.0024 

.0025 

112000 

.044 

.039 

.053 

.048 

.0042 

.0023 

.0023 

118000 

.047 

.044 

.057 

.052 

.0048 

.0029 

.0026 

124000 

.051 

.048 

.062 

.056 

.0051 

.0030 

.0035 

130000 

.057 

.053 

.068 

.062 

.0057 

.0030 

.0036 

136000 

.063 

.059 

.074 

.068 

.0061 

.0032 

.0039 

142000 

.068 

.064 

.080 

.074 

.0062 

. 0033 

.0039 

148000 

.075 

.071 

.085 

.081 

.0078 

.0041 

.0047 

154000 

,085 

.084 

.087 

.093 

.0107 

.0062 

.0060 

156000 

ufljg 

.093 

.109 

,095 

.104 

.0135 

.0095 

.0070 
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COLUMN  127 
Computed  Lata 


Unit  Load 
lb.  per  sq.  in. 


Unit  Elongation 
Deformation 
inches 


Unit  Transverse 
Deformation 
inches 


53.0 

.0000 

.000000 

.0000 

.00000 

97.5 

.0015 

.000015 

.0000 

.00000 

141.5 

.0030 

.000030 

.0000 

.00000 

195.0 

.0050 

.000050 

.0003 

.00001 

248.0 

.0070 

.000070 

. 0003  M 

.00001 

301.0 

.0090 

.000090 

.0003 4 

. 00001 

354.0 

.0110 

.000110 

.0010 

.00003 

407.0 

.0135 

.000135 

.0010 

.00003 

460.0 

.0155 

.000155 

.0011 

. 00003 

513.0 

.0180 

.000180 

.0011 

. 00003 

567.0 

.0215 

.000215 

.0011 

.00003 

620.0 

.0240 

.000240 

.0013 

.00004 

672.0 

.0270 

.000270 

.0014 

.00004 

725.0 

.0300 

.000300 

.0017 

.00005 

780.0 

.0330 

.000330 

.0018 

. 00005 

830.0 

.0365 

. 000365 

.0025 

.00007 

885.0 

.0405 

.000405 

.0025 

.00007 

938.0 

.0440 

.000440 

.0029 

.00008 

990.0 

.0480 

.000480 

.0028 

.00008 

1045.0 

.0520 

.000520 

.0033 

.00009 

1100.0 

.0560 

.000560 

. 0037 

.00010 

1150.0 

.0620 

.000620 

.0039 

.00011 

1250.0 

.0680 

.000680 

.0042 

.00012 

1255.0 

.0735 

.000735 

.0043 

.00012 

1310.0 

.0800 

.000800 

.0054 

. 00015 

1360.0 

.0890 

.000890 

.0075 

.00021 

1380.0 

.1020 

.001020 

.0098 

.00027 
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BAND-HOOPED  COLUMNS 
OBSERVED  AND  COMPUTED  DATA 
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COLUMN  131 
Observed  Lata 

Length  10  ft.  2 in.  Average  gauge  of  hoops  .065  in. 

Gauge  length  100  in.  Mixture  1—2—4. 

Liameter  12  in.  Age  when  tested,  60  days. 

Reinforcement , No.  16  hoops,  2 in.  center  to  center,  1.085  per  cent. 

Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III  IV 

Old 

Arm 

Solid 

Collar 

1500 

.0000 

.0000 

.0000  .0000 

.0000 

.0013 

21000 

.0004 

.0053 

.0045  .0050 

.0005 

.0013 

40400 

.0061 

.0122 

.0105  .0010 

.0002 

.0013 

59600 

.0123 

.0209 

.0183  .0070 

.0001 

.0020 

80000 

.0194 

.0308 

.0279  .0163 

.0001 

.0026 

98000 

.0275 

.0409 

.0380  .0251 

. 0000 

. 0027 

120000 

.0420 

.0584 

.0548  .0369 

.0002 

.0039 

141200 

.0558 

.0774 

.0720  .0523 

.0005 

.0043 

150000 

.0653 

.0888 

.0822  .0618 

.0010 

.0047 

162000 

.0735 

.1015 

.0938  .0717 

.0045 

.0047 

169000 

.0845 

.1142 

.1060  .0826 

.0045 

.0047 

180000 

.1028 

.1371 

.1264  .1000 

.0045 

.0047 

190000 

.1145 

,1565 

.1440  .1153 

.0046 

.0072 

200000 

.1380 

.1806 

.1650  .1339 

.0090 

.0095 

210000 

.1672 

.2095 

.1738  .1600 

/To  / H /y) 

' ' I S/'J-O 

• .0123 

220000 

.2000 

.2470 

.1888 

.t0193 

.0120 

230000 

.2305 

.2840 

. 2142 

.0262 

.0253 

240000 

.2935 

.3425 

.2564 

.0360 

.0550 

250000 

.3363 

.3240 

.3502 

.0461 

.0978 

260000 

.3949 

.3440 

-.3682 

.0610 

.1410 

270000 

.3970 

.3440 

.4292 

.0875 

.1973 
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COLUMN  131 
Computed  Lata. 


lb 


Unit  Loads 

Unit  Long. 

Unit  Transverse 

reformation 

. per  sq.  in. 

reformation 

Arm  ( Old. ) 

Solid 

Extensometer 

Collar  on 

Concrete 

13 

0.000000 

0.000000 

0.000000 

186 

37 

6^ 

0 

357 

74 

2^ 

0 

527 

146 

1 

197" 

708 

236 

lv 

36 

866 

329 

0^ 

39^ 

1062 

480 

2^ 

72- 

1248 

644 

6 

83  v 

1326 

745 

12"" 

95' 

1433 

850 

54" 

95" 

1494 

968 

54" 

95' 

1592 

1166 

54' 

95  u 

1680 

1326 

55" 

1641' 

1770 

1549 

107" 

228  u 

1857 

1776 

169^ 

306^ 

1945 

2115 

219  ° 

334  1 

2035 

2425 

301.  3]Z 

667^ 

2122 

2969 

418 

1490 

2210 

3364 

538 

26804" 

2300 

3686 

715 

3890  ^ 

2384 

0.003896 

0.001003  1 °~* 

0.005440  ^ 

CZ  u v'  v e- 

OK 

, 
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COLUMN  132 
Observed  Lata 

Length  10  ft.  1 in.  Hoops  not  gauged. 

Gauged  length  100  in.  Mixture  1-2-4. 

Diameter  12  in.  Age  when  tested,  57  days. 

Reinforcement,  No.  16  hoops,  2 in.  center  to  center,  1.085  per  cent. 

Load  Longitudinal  Transverse 

pounds  Extensometer  Headings  Extensometer  Headings 


I 

II  III 

IV 

Old 

Solid 

Arm 

Collar 

5600 

.0000 

.0000  .0000 

.0000 

.0982 

.0025 

10200 

.0030 

.0035  .0060 

.0060 

.0979 

. 0025 

40500 

.0080 

.0100  .0151 

.0142 

.0979 

.0025 

60500 

.0156 

.0181  .0241 

.0219 

.0979 

.0025 

80000 

.0260 

.0274  .0345 

.0278 

.0989 

.0025 

100000 

.0380 

.0386  .0462 

.0438 

.0998 

. 0025 

119000 

.0550 

.0552  .0650 

.0568 

.1020 

.0025 

140000 

.0785 

.0774  .0895 

.0785 

.1060 

.0025 

160000 

.1130 

.1120  .1284 

.1154 

.1130 

.0065 

180000 

.1680 

.1661  .1895 

.1706 

.1270 

.0240 

200000 

.2420 

.2570  .2898 

.2690 

.1452 

.0495 

220000 

.2508 

.3623  .4255 

.3975 

.1722 

.0833 

230000 

.2505 

.3927  .4782 

.4475 

.1797 

.1032 

240000 

.2520 

.4740  .6660 

.5770 

.2034 

.1500 

243000 

No  readings  taken. 

230000 

.2640 

.5040  .7770 

.8340 

.2275 

.2403 

205000 

.2800 

.5060  .7950 

.9610 

.2342 

.3070 

175000 

.3400 

.5100  .814  1 

.0000 

.2355 

155000 

.5050 

.5800  .908  1 

.045 

.2409 

100000 

.7870 

.6180  .914  1 

.055 

' ■ 


COLUMN  132 


Computed  Data. 


Unit  Loads 

Unit  Long, 

Unit  Transverse 

Deformation 

i.  per  sq.  in. 

Deformation 

Arm  (Old) 

Solid 

50 

0.000000 

Extensometer 

0.000000 

Collar  on 
Concrete 

0.000000 

90 

46 

0 

0 

358 

118 

0 

0 

535 

199 

0 

0 

708 

289 

10 

0 

885 

416 

23 

0 

1050 

580 

49 

0 

1240 

810 

104 

0 

1415 

1172 

179 

ncr 

1590 

1735 

346 

6 00- 

1770 

2645 

563 

1310 

1945 

3590 

883 

2250^ 

2040 

3822 

973 

2800" 

2120 

4905 

1253 

4100" 

2150 

2020 

No  readings 
0.005950 

0.001545 

0.006600 
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COLUMN  133 
Observed  Lata. 


Length  10  ft.  1 in. 

Gauge  length  100  in. 

Liaraeter  12  in. 
Reinforcement,  No.  16  hoops. 


Average  gauge  of  hoops  .063  in. 

Mixture  1—2—4. 

Age  when  tested,  59  days. 

2 in.  center  to  center,  1.050  per  cent. 


Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  ^xtensometer  Readings 


I 

II 

III 

IV 

Old 

Solid 

Arm 

Collar 

6700 

.000 

.000 

.000 

.000 

.2409 

.0000 

21000 

.003 

.004 

.005 

.003 

.2406 

.0000 

41000 

.008 

.009 

.011 

.009 

.2406 

.0000 

61000 

.014 

.016 

.018 

.015 

.2406 

.0000 

80500 

.021 

.024 

.026 

.022 

.2406 

.0000 

100500 

.031 

.035 

.037 

.032 

.2406 

.0005 

120000 

.044 

.049 

.053 

.045 

.2406 

.0020 

140000 

.055 

.072 

.077 

.065 

.2408 

.0072 

160000 

.085 

.108 

.115 

.095 

.2471 

.0146 

180000 

.127 

.162 

.169 

.141 

.2485 

.0317 

200000 

.182 

.234 

.207 

.204 

.2490 

.0525 

210000 

.230 

.277 

.230 

.241 

.2638 

.0680 

220000 

.275 

.334 

.230 

.290 

.2698 

. 

230000 

.327 

.391 

.238 

.344 

.2755 

240000 

.397 

.485 

.303 

.417 

.2862 

245000 

.480 

.552 

.378 

.505 

.3200 

246700 

No  readings 

taken. 

239800 

.536 

.840 

.590 

.572 

.3330 

221900 

.544 

.998 

.645 

.581 
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COLUMN  133 
Computed  Lata. 


Unit  Loads 

Unit  Long. 

Unit  Transverse 

i.  per  sq.  in. 

reformation 

Arm  (Old) 
Extensometer 

59 

0,00000 

0.000000 

186 

4 

0 

363 

9 

0 

540 

16 

0 

713 

23 

0 

890 

34 

0 

1062 

48 

0 

1240 

67 

3 

1416 

101 

77 

1590 

150 

94 

1770 

207 

100 

1857 

244 

236 

348 

1945 

295 

2035 

349 

415  ~ 

2122 

428 

543 

945 

2175 

512 

2182 

No  readings . 

2120 

644 

0.001100 

1965 

0.00708 

I 


Leforraation 
Solid 
Collar  on 
Concrete 

0.000000 

0 

0 

0 

0 

14^ 

56^ 

200 

390 

880" 

1460 

0.001890- 
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COLUMN  136 
Observed  Data 


Length  10  ft.  2 in.  Average  gauge  of  hoops  .125  in. 

Gauge  length  100  in.  Mixture  1-2—4. 

Diameter  12  in.  Age  when  tested,  63  days. 

Reinforcement,  No.  12  hoops,  2 in.  center  to  center,  2.081  per  cent. 

Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Old 

Arm 

Solid 

Collar 

3000 

. 0000 

.0000 

.0000 

.0000 

.0005 

.0000 

20900 

.0051 

.0040 

.0055 

.0058 

.0000 

.0003 

41300 

. 0132 

.0092 

.0123 

.0148 

.0000 

.0004 

60700 

.0223 

.0152 

.0190 

.0245 

.0000 

.0004 

80000 

.0295 

.0229 

.0269 

. 0343 

.0000 

.0004 

100000 

.0310 

.0268 

.0365 

.0460 

.0000 

.0004 

120000 

.0347 

.0426 

.0480 

.0595 

.0000 

.0012 

140000 

.0423 

.0558 

.0620 

.0652 

.0000 

.0014 

160000 

.0650 

.0730 

.0800 

.0865 

.0000 

.0027 

180000 

.0950 

.0956 

.1038 

.1145 

.0000 

.0042 

200000 

.1372 

.1280 

.1370 

.1540 

.0009 

.0073 

210000 

.1649 

.1503 

.1599 

.1790 

.0009 

.0088 

220000 

.1955 

.1735 

.1840 

.2080 

.0048 

.0120 

230000 

.2300 

.2014 

.2413 

.2413 

.0048 

.0174 

240000 

.2690 

.2325 

.2410 

.2790 

.0048 

.0239 

250000 

.3250 

.2765 

.2841 

.3340 

.0058 

.0315 

260000 

.3750 

.3120 

.3200 

.3780 

.0113 

.0440 

270000 

.4300 

.3430 

.3570 

.4260 

.0150 

.0570 

280000 

.4900 

.3900 

.4000 

.4850 

.0245' 

.0738 

290000 

.5590 

.4060 

.4430 

.5440 

.0309 

.0900 

300000 

.5840 

.4330 

.4820 

.5940 

.0357 

.1093 

310000 

.6600 

.4590 

.5430 

.6880 

.0466 

.1570 

320000 

.8370 

.5230 

.7300 

.8550 

.0783 

.2640 

323300 

1.0000 

.9760 

.5400 

.7200 

.1328 
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COLUMN  136 


Computed  Lata. 


Unit  Loads 

Unit  Long . 

Unit 

Transverse 

reformation 

>,  per  sq.  in. 

Le format ion 

Arm  ( Old ) 
Nxtensometer 

Solid 

Collar 

27 

0.000000 

0.000000 

0.000000 

185 

51 

0 

8^ 

366 

124 

0 

11- 

537 

202 

0 

11- 

707 

284 

0 

11 

885 

351 

0 

11 

1062 

462 

0 

33*" 

1240 

563 

0 

39^ 

1416 

761 

0 

75- 

1590 

1022 

0 

117 

1770 

1391 

11^  ' 

203^ 

1857 

1635 

11^ 

245 

1945 

1902 

y 

57 

334^ 

2035 

2236 

57 

485  ^ 

2122 

2554 

57 

•765  ££ 

2210 

3049 

69  ^ 

877  ^ 
1223^ 

2300 

3462 

135 

2384 

3890 

179- 

isso^ 

2478 

4412  / 

291 

2050^ 

2561  X 

4#30  4S 

368" 

2500  ^ 

2654 

5232 

425 

3050^ 

2742 

5875 

555  ' 

4370" 

2830 
2860  X 

7362 

0.008090 

0.001580" 

0.007350 

Shyhr/j  off curve 
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COLUMN  157 
Observed  Lata 

Length  10  ft.  1 l/2  in.  Average  gauge  of  hoops  .124  in. 

Gauge  length  100  in.  Mixture  1-2—4; 

Liaraeter  12  in.  Age  when  tested,  69  days. 

Reinforcement,  No.  12  hoops,  2 in.  center  to  center,  2.071  per  cent. 


Load  Longitudinal 

pounds  Extensometer  Readings 


Transverse 
Extensometer  Readings 


I 

II 

III 

IV 

Old 

Solid 

Spring 

Arm 

Collar 

Collar  on 
Hoops . 

6900 

.000 

.000 

.000 

.000 

.2225 

.0000 

.0000 

20500 

.004 

.002 

.011 

.006 

.2215 

.0000 

.0000 

41000 

.013 

.002 

.022 

.018 

.2205 

.0000 

.0000 

60000 

.023 

.012 

.033 

.029 

.2205 

.0000 

.0000 

80500 

.038 

.027 

.050 

.045 

.2205 

.0000 

.0000 

100000 

.058 

.047 

.070 

.064 

.2205 

.0000 

.0000 

120000 

.085 

.074 

.097 

.094 

.2210 

.0032 

. 0000 

140000 

.128 

.116 

.140 

.137 

.2219 

.0049 

.0010 

160000 

.190 

.177 

.202 

.197 

.2222 

.0150 

.0170 

180000 

.272 

.259 

.286 

.278 

.2320 

.0362 

.0258 

200000 

.375 

.364 

.374 

.374 

.2408 

.0890 

.0318 

210000 

.432 

.420 

.435 

.429 

.2428 

.1222 

.0342 

220000 

.505 

.483 

.492 

.2486 

.1500 

.0395 

230000 

.559 

.549 

.561 

.2500 

.1770 

.0395 

240000 

.630 

.616 

.640 

.2528 

.2100 

.0475 

250000 

.708 

.693 

.516 

.700 

.2600 

.2520 

.0575 

260000 

.790 

.768 

.607 

.790 

.2653 

.2895 

.0575 

270000 

.879 

.850 

.710 

.894 

.2712 

.2980 

.0700 

280000 

.987 

.945 

.826 

.935 

.2794 

,2980 

.0987 

290000 

1.220 

1.111 

.3050 

.1210 

292650 

1.316 

1.185 

.3303 

.1310 

293450 

No  readings 

taken. 

300500 

No  readings 

taken. 
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COLUMN  137 
Computed  Data. 


Unit  Loads  Unit  Long.  Unit  Transverse  Deformation 

lb.  per  sq.  in. Deformation  Arm  fold)  Solid  Spring 

Extensometer  Collar  Collar  on 

Hoops . 


61 

0.00000 

0.000000  0. 

000000  0. 

000000 

181 

6 

0 

0 

0 

363 

14 

0 

0 

0 

531 

24 

0 

0 

0 

712 

40 

0 

0 

0 

885 

60 

0 

0 

0 

1062 

87 

6^ 

89 

0 

1240 

130 

17  u 

136 

28 

1416 

191 

22" 

417 

470- 

1590 

274 

134 

1005 

716- 

1770 

372 

242  " 

2472 

883 

1857 

429 

265  " 

3400 

948 

1945 

495 

334  ^ 

4170 

1096  ^ 

2035 

558 

351 

4920 

1096" 

2122 

630 

372 

5840 

1320- 

2210 

702 

470 

7000^ 

1595  - 

2300 

784 

533 

8050  u 

1595 

2390 

876 

603  ^ 0 

. 008280  ^ 

1945- 

2478 

2565 

2585 

2595 

2660 

0.00958 

700 
1010  ^ 
0.001308 

0 

.002740 
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COLUMN  138 


Observed  Lata 


Length  10  ft.  1 1/2  in. 

Gauge  length  100  in. 

Liameter  IS  in. 
Reinforcement,  No.  12  hoops. 


Average  gauge  of  hoops  .127  in. 

Mixture  1-2-4. 

Age  when  tested,  60  days. 

2 in.  center  to  center,  2.120  per  cent. 


Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Old 

Solid 

Spring 

Arm 

Collar 

Collar  on 

Hoops 

5500 

.000 

.000 

.000 

.000 

.0000 

.0000 

.0000 

21000 

.003 

.007 

.004 

.000 

.0000 

.0000 

.0000 

40500 

.009 

.016 

.009 

.002 

.0000 

.0000 

.0000 

60500 

.014 

.024 

.014 

.005 

.0000 

.0018 

.0015 

80500 

.021 

.030 

.021 

.010 

.0000 

.0020 

.0015 

100500 

.028 

.037 

.029 

.016 

.0000 

.0021 

.0021 

120500 

.036 

.047 

.039 

.024 

.0000 

.0029 

.0028 

140000 

.048 

.059 

.051 

.035 

.0000 

.0032 

.0028 

160000 

.064 

.076 

.067 

.050 

.0000 

.0046 

.0052 

180000 

.085 

.098 

.089 

.070 

.0005 

.0071 

.0074 

200000 

.118 

.132 

.121 

.101 

.0031 

.0123 

.0105 

210000 

.140 

.154 

.141 

.122 

.0061 

.0150 

.0145 

220000 

.163 

.178 

.164 

.144 

.0071 

.0178 

.0167 

230000 

.189 

.204 

.187 

.168 

.0075 

.0192 

.0195 

240000 

.220 

.235 

.218 

.196 

.0100 

.0232 

.0235 

250000 

.252 

.269 

.247 

.226 

.0140 

.0288 

.0270 

260000 

.287 

.307 

.280 

.260 

.0150 

.0328 

.0305 

270000 

.330 

.352 

.316 

.298 

.0198 

.0401 

.0350 

280000 

.351 

.390 

.355 

.336 

.0210 

.0464 

.0373 

290000 

.350 

.437 

.396 

.379 

.0330 

.0593 

.0440 

300000 

.350 

.490 

.439 

.421 

.0350 

.0478 

310000 

.350 

.545 

.491 

.477 

.0430 

.0513 

320000 

.356 

.598 

.505 

.525 

.0456 

.0561 

330000 

.674 

.570 

.594 

.0540 

.0648 

340000 

.780 

.655 

.648 

.0699 

.0725 

350000 

1.075 

.905 

.858 

.1540 

351000 

,1635 
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COLUMN  138 


Computed  Data. 


Unit  Loads  Unit  Long.  Unit  Transverse  Deformation 

lb.  per  sq.  in. Deformation  Arm  (Old)  Solid  Spring 

Extensoraeter  Collar  Collar  on 

Hoops . 


49 

0.00000 

0.000000 

0.000000 

0.000000 

136 

3 

0 

0 

0 

358 

9 

0 

0 

0 

535 

14 

0 

50- 

42^ 

713 

20 

0 

56 

42' 

889 

27 

0 

5Q  ' 

58- 

1067 

36 

0 

81*"' 

78- 

1240 

48 

0 

89  5 

78 

1416 

64 

0 

128- 

-'145 

1590 

85 

6 " 

197*" 

205  ^ 

1770 

118 

37" 

342- 

292 

1857 

139 

73- 

417^ 

403  ^ 

1940 

162 

85^ 

495 

464 

2035 

187 

89  u 

533 

542 

2122 

217 

119- 

645^ 

653  " 

2210 

248 

167 

800' 

750- 

2300 

283 

179- 

911 

848  — 

2390 

324 

236*" 

1113 

972^" 

2470 

352 

250^ 

1290 

1047>" 

2564 

406 

393*" 

0.001647- 

1222^ 

2655 

457 

417 

1329 

2745 

511 

512- 

1427 

2830 

549 

543 

1560 

2920 

619 

643  A 

1800  ^ 

3010 

634 

833^ 

0. 002016  ^ 

3100  0.00946  1835 

3110  0.001947 
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COLUMN  141 
Observed  Lata 

Length  10  ft.  1 1/2  in.  Average  gauge  of  hoops  .123  in. 

Gauge  length  100  in.  Mixture  1-2-4. 

liameter  12  in.  Age  when  tested,  59  days. 

Reinforcement , No.  12  hoops  4 in.  center  to  center,  1.024  per  cent. 

Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Old 

Solid 

Arm 

Collar 

7000 

.0000 

.0000 

.0000 

.0000 

. 0000 

.0000 

20000 

. 0032 

.0020 

.0030 

.0028 

.0000 

.0000 

40500 

.0050 

.0140 

.0040 

.0105 

.0000 

.0000 

61000 

.0180 

.0170 

.0202 

.0197 

.0000 

.0000 

81000 

.0280 

.0258 

.0301 

.0297 

. 0000 

.0000 

101000 

.0395 

.0357 

.0397 

.0415 

.0000 

.0000 

120000 

.0522 

.0472 

.0507 

.0550 

.0000 

.0000 

140000 

.0679 

.0608 

.0660 

.0714 

. ocoo 

.0011 

160000 

.0880 

.0780 

.0855 

.0920 

.0009 

.0023 

180000 

.1150 

.1020 

.1179 

.1205 

.0009 

. 0023 

200000 

.1550 

.1370 

.1520 

.1610 

.0000 

.0070 

210000 

.1910 

.1710 

.1870 

.1950 

.0013 

. 0100 

220000 

.2380 

.2140 

.2320 

.2420 

.0110 

. 0172 

230000 

.2990 

.2730 

.2890 

.2520 

.0171 

.0270 

240000 

.3750 

.3550 

.3610 

.2520 

.0330 

.0475 

250000 

.3900 

.4561 

.4561 

.3500 

.0394 

.1003 

255700 

No  readings  taken. 

253000 

.6300 

.6710 

.6200 

.5450 

.0658 

.1720 

251000 

.7480 

.7790 

.7000 

.6250 

.0792 

236000 

.9810 

1.0700 

.8380 

.7470 

.1100 

.0820 

.0980 


218000 


. 
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COLUMN  141 


Computed  Lata. 


Unit  Loads 
Lb.  per  sq,  in 


62 

185 

358 

550 

717 

894 

1062 

1240 

1416 

1590 

1770 

1857 

1945 

2035 

2122 

2210 

2275 

2240 

2220 

2090 


Unit  Long. 
Le format ion 


0.000000 
28 
84 
187 
284 
391 
513 
665 
859 
1138 
1512 
1860 
2315 
2782 
3547 
4311 
Uo  readings 
6311 
7334 
0.009541 


Unit  Transver; 
Arm  (Old) 
Extensometer 


0.000000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15  ^ 
131  " 
203  ' 
392 
468 

783 

0.000942  ^ 


e Le format ion 
Solid 
Collar  on 
Concrete . 

0.000000 
0 
0 
0 
0 
0 
0 
31 
64  " 
64' 
194 
278 
478- 
750 
1320 
2790 

0.004780 
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C0LUM1T  142 
Computed  Data. 


Unit  Loads 


Unit  Transverse  Deformation 


r sq. 

in. Deformation 

Arm  ( Old ) 

Solid 

Spring 

Extensometer 

Collar 

Collar  on 

Concrete , 

69 

0,00000 

0.000000 

0.000000 

0.000000 

185 

3 

0 

0 

0 

363 

8 

0 

0 

0 

549 

14 

0 

0 

0 

717 

22 

0 

0 

0 

891 

30 

0 

97 

0 

1062 

41 

0 

97 

0 

1240 

57 

0 

97 

0 

1416 

82 

55^ 

125 

362^ 

1590 

128 

170^ 

308 

528 

1770 

204 

368 

860 

1166 ' 

1857 

244 

470 

1578 

1615-^ 

1945 

297 

608 

1972  2 ° 0 • 2200 

2035 

362 

791 

2695^ 

3662 

2122 

462 

1443 

0. 0037 2 O^ 

0.003810 

2145 

597 

0.002230  ^ 

2178 

No  readings. 

2135 

0.00890 
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COLUMN  142 
Observed  Data 


Length  10  ft.  2 in. 

Gauge  length  100  in. 

Diameter  12  in. 

Reinforcement , No.  12  hoops. 


Average  gauge  of  hoops  not  taken. 
Mixture  1—2—4. 

Age  when  tested,  66  days. 

4 in,  center  to  center,  1.024  per  cent. 


Load  Longitudinal  Transverse 

pounds  Extensometer  Headings  Extensometer  Readings 


I 

II 

III 

IV 

Old 

Solid 

Spring 

Arm 

Collar 

Collar  on 

Concrete 

7800 

.000 

.000 

.000 

.000 

.0000 

.0000 

.0000 

20900 

.002 

.003 

.003 

.004 

.0000 

.0000 

. 0000 

41000 

.008 

.008 

.008 

.010 

.0000 

.0000 

.0000 

62000 

.014 

.014 

.013 

.017 

.0000 

.0000 

.0000 

81000 

.022 

.020 

.020 

.025 

.0000 

.0000 

.0000 

101000 

.030 

.028 

.029 

.034 

.0000 

.0035 

.0000 

120000 

.041 

.038 

.040 

.045 

.0000 

.0035 

.0000 

140000 

.056 

.054 

.056 

.063 

.0000 

.0035 

.0000 

160000 

.081 

.077 

.081 

.091 

.0046 

.0045 

.0130 

180000 

.126 

.118 

.127 

.142 

.0143 

.0111 

.0190 

200000 

.204 

.191 

.201 

.221 

.0310 

.0310 

.0420 

210000 

.246 

.230 

.238 

.263 

.0395 

.0568 

.0582 

220000 

.302 

.280 

.290 

.315 

.0511 

.0721 

.0792 

230000 

.371 

.339 

.356 

.384 

.0665 

.0970 

.1320 

240000 

.496 

.369 

.465 

.520 

.1212 

.1338 

.1371 

242700 

.624 

.589 

.671 

.1875 

246000 

No  readings 

taken. 

230000 

.926 

.890 

.946 

.6070 
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COLUMN  143 


Observed  Lata 


Length  10  ft.  2 in. 

Gauge  length  100  in. 

Liameter  12  in. 
Reinforcement,  No.  12  hoops. 


Average  gauge  of  hoops  .125  in. 

Mixture  1—2—4. 

Age  when  tested,  60  days. 

3 in.  center  to  center,  1.386  per  cent. 


Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Old 

Solid 

Spring 

Arm 

Collar 

Collar  on 

Concrete 

5600 

.000 

.000 

.000 

.000 

.0000 

.0000 

.0000 

20500 

.003 

.003 

.001 

.003 

.0000 

.0000 

.0000 

42000 

.008 

.010 

.006 

.008 

.0000 

.0000 

.0000 

62000 

.015 

.016 

.012 

.013 

.0000 

.0010 

.0032 

81500 

.020 

.022 

.018 

.019 

.0000 

.0010 

.0032 

101000 

.029 

.030 

.025 

.026 

.0000 

.0010 

.0032 

121000 

.039 

.038 

.035 

.036 

.0000 

.0012 

.0032 

140000 

.051 

.051 

.048 

.046 

.0000 

.0024 

.0058 

160000 

.071 

.070 

.065 

.062 

.0000 

. 0043 

.0068 

180000 

.099 

.096 

.091 

.089 

.0010 

.0068 

.0099 

200000 

.137 

.132 

.127 

.125 

.0069 

.0122 

.0155 

210000 

.160 

.154 

.149 

.148 

.0150 

.0143 

.0222 

220000 

.185 

.179 

.174 

.173 

.0212 

.0195 

.0260 

230000 

.216 

.208 

.202 

.202 

.0271 

.0240 

.0305 

240000 

.247 

.240 

.232 

.232 

.0345 

.0273 

.0368 

250000 

.284 

.277 

.267 

.268 

.0426 

.0320 

.0420 

260000 

.325 

.324 

.311 

.306 

.0510 

.0370 

.0528 

270000 

.369 

.373 

.355 

.350 

.0650 

.0445 

.0582 

280000 

.420 

.431 

.410 

.400 

.0770 

.0530 

.0840 

290000 

.485 

.492 

.470 

.463 

.0964 

• 

300000 

.570 

.543 

.543 

.547 

.1220 

308400 

No  readings 

taken. 

305000 

.818 

.856 

.810 

.775 

.2230 

309000 

No  readings 

taken. 

303000 

.990 

1.071 

.984 

.932 

2.850 
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COLUMN  143 
Computed  Lata. 


Unit  Loads  Unit  Long. 
11.  per  sq.  in. Le format ion. 


Unit  Transverse  Leformation 
Arm  (Old)  Solid  Spring 

Extensometer  Collar  Collar  on 

Concrete. 


50 

0.00000 

0.000000  0. 

000000  0. 

000000 

181 

2 

0 

0 

0 

372 

8 

0 

0 

0 

548 

14 

0 

28  ^ 

89 

722 

20 

0 

28^ 

89 

893 

27 

0 

28 

89 

1070 

37 

0 

33 

89 

1240 

49 

0 

67 

161 

1416 

67 

0 

119 

189 

1590 

94 

12^ 

189 

275 

1770 

130 

82^ 

340  ^ 

430  *" 

1857 

153 

179 

398 

617 

1945 

178 

252^ 

542 

723 

2035 

207 

323^ 

668- 

847 

2122 

238 

411 

758 

1021  * 

2210 

274 

507  ^ 
608 

890  ^ 

1167 

2300 

316 

1028  ^ 

1467 

2390 

362 

775 

1235 

1615 

2470 

2565 

2655 

2730 

2700 

2735 

2680 

415 

477 

560 

No  readings. 
815 

No  readings . 
0.00994 

917v  0 

1148  ^ 
1452 

2655 

0.003390 

.001472^  0 

. 002335 

110 


COLUMD  146 
Observed  Data 

Length  10  ft.  1 in.  Average  gauge  of  hoops  .193  in. 

Gauged  length  100  in.  Mixture  1-2-4. 

Diameter  12  in.  Age  when  tested,  60  days. 

Reinforcement,  Do.  8 hoops,  2 in.  center  to  center,  3.219  per  cent. 

Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I II 

III  IV 

Old 

Solid 

Arm 

Collar 

7000 

.0000  .0000 

.0000  .0000 

. 0000 

.0000 

20500 

.0016  .0039 

.0005  .0071 

.0000 

.0005 

41000 

.0092  .0109 

.0170  .0148 

.0000 

.0007 

60300 

.0192  .0191 

.0263  .0258 

. 0000 

.0007 

80500 

.0332  .0306 

.0382  .0405 

.0000 

.0020 

100200 

.0508  .0450 

.0535  .0540 

.0000 

.0025 

120000 

.0759  .0666 

.0750  .0865 

.0000 

.0032 

140000 

.1130  .0989 

.1075  .1261 

.0000 

.0043 

160000 

.1661  .1462 

.1539  .1985 

.0000 

.0069 

180000 

.2440  .2130 

.2203  .2580 

.0000 

.0097 

200000 

.3390  .2347 

.3025  .3379 

.0000 

.0178 

210000 

.3915  .3316 

.3499  .3870 

.0010 

.0242 

220000 

.4480  .3796 

.4010  .4420 

.0014 

.0323 

230000 

.5008  .4300 

.4500  .4720 

.0030 

.0628 

240000 

.5320  .4800 

.5126  .4900 

.0030 

.0788 

250000 

.5320  .5375 

.5726  .5642 

.0032 

.0921 

260000 

.5320  .5925 

.6309  .6385 

.0033 

.1100 

270000 

.5320  .6525 

.6922  .6600 

.0036 

.1309 

280000 

.5320  .7150 

.7588  .6680 

.0078 

.1644 

290000 

.5320  .7782 

.8230  .6770 

.0186 

.1741 

300000 

.5890  .7810 

.8900  .7650 

.0245 

.1745 

310000 

.6480  .7875 

.9723  .7776 

.0465 

.1583 

Ill 


COLUMN  146 
Computed  Lata. 


Unit  Loads 
lb.  per  sq.  i 


62 

181 

362 

534 

713 

902 

1062 

1240 

1416 

1590 

1770 

1857 

1945 

2035 

2122 

2210 

2300 

2384 

2478 

2561 

2654 

2742 

2561 

2835 

2920 

2965 

2990 

3000 


Unit  Long. 

. Leformation 


0.000000 
33 
130 
226 
356 
508 
760 
1114 
1622 
2338 
3035 
3650 
4176 
4657 
5059 
5698 
6206 
6799 
7256 
7711 
8237 
0.008565 
No  readings. 
9565 
10065 
10565 
17565 
0.018565 


Unit  Transver 
Arm  (Old) 
Extensoraeter 


0.000000 

0 

0 

0 

d 

o 

o 

0 

0 

0 

0 

12 

17 

36 

36 

38 

39 

43  S 
93 
222 
292 

0.000555  ** 


Leformation 
Solid 
Collar  on 
Concrete . 

0.000000 
14' 
19^ 
19 
56  ^ 
69*" 
89 
119 
191* 
269*" 
494 
672 
897 1/ 
1745 
2190* 
2560; 
3060^ 
3630 
4570  ' 
4840 

0.004850^ 
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COLUMN  147 
Observed  Date 

Length  10  ft.  2 in.  Average  gauge  of  hoops  not  taken. 

Gauge  length  100  in.  Mixture  1-2-4. 

Diameter  12  in.  Age  when  tested,  66  days. 

Reinforcement,  No.  8 hoops,  2 in.  center  to  center,  3.200  per  cent. 


Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Old 

Arm 

Solid 

Collar 

Spring 
Collar  on 
Hoops 

6800 

.000 

.000 

.000 

.000 

.0000 

.0000 

.0000 

20000 

.002 

.003 

.006 

.005 

.0000 

.0000 

.0000 

41000 

. 008 

.009 

.015 

.010 

.0000 

.0000 

.0000 

60600 

.016 

.017 

.024 

.010 

.0000 

.0000 

.0000 

80300 

.027 

.026 

.033 

.020 

.0010 

.0013 

.0000 

101500 

.039 

.038 

.044 

.034 

.0016 

.0013 

.0023 

120000 

.052 

.051 

.056 

.048 

.0020 

.0013 

.0023 

140000 

.070 

.067 

.073 

.067 

.0026 

.0020 

.0030 

160000 

.092 

.088 

.094 

.091 

. 0039 

.0020 

.0040 

180000 

.120 

.115 

.121 

.122 

.0050 

.0025 

.0050 

2C0000 

.154 

.151 

.157 

.160 

.0110 

.0030 

.0085 

220000 

.200 

.194 

.176 

.205 

.0141 

.0071 

.0116 

230000 

.224 

.216 

.176 

.230 

.0155 

.0091 

.0134 

240000 

.251 

.243 

.199 

.258 

.0240 

.0099 

.0163 

250000 

.280 

.270 

.227 

.287 

.0253 

.0130 

.0182 

260000 

.311 

.300 

.259 

.319 

.0273 

.0150 

.0187 

270000 

.345 

.332 

.292 

.353 

. 0345 

.0167 

. 0200 

280000 

.380 

.365 

.327 

.385 

. 0371 

.0178 

.0219 

290000 

.416 

.400 

.365 

.424 

.0400 

.0220 

.0227 

300000 

.455 

.438 

.405 

.464 

.0458 

.0280 

.0247 

310000 

.494 

.480 

.449 

.505 

.0505 

.0301 

.0268 

320000 

.535 

.525 

.499 

.555 

.0549 

. 0364 

.0300 

330000 

.574 

.571 

.521 

.602 

.0571 

.0576 

.0319 

340000 

.616 

.621 

.527 

.653 

.0671- 

.0618 

.0358 

350000 

.660 

.671 

.582 

.709 

.0730 

.0682 

.0364 

360000 

.705 

.719 

.640 

.762 

.0785 

.0740 

.0383 

370000 

.756 

.770 

.706 

.825 

.0820 

. 0962 

.0477 

380000 

.815 

.830 

.784 

.899 

.0931 

.1060 

.0510 

390000 

.880 

. 865 

.875 

.966 

.1040 

.1150 

.0515 

400000 

.957 

.942 

.978  1.054 

.1141 

.0618 

410000 

415000 

420000 

1.046 

1.147 

1.048 

1.175 

1.114  1.174 
1.260  1.313 

.1402 

.0628 

.0690 

■ 
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COLUMN  147 
Computed  Data. 


Unit  Loads  Unit  Long.  Unit  Transverse  Deformation 

IL.  per  sq.  in. Deformation  Arm (Old)  Solid  Spring 

Extensometer  Collar  Collar  on 

Hoops . 


60 

0.00000 

0.000000 

0.000000  0. 

ooocoo 

177 

4 

0 

0 

0 

363 

10 

0 

0 

0 

536 

17 

0 

0 

0 

710 

26 

12  ^ 

36  ^ 

0 

894 

39 

19 

36*- 

64^ 

1062 

52 

24" 

36 

64 

1240 

69 

31^ 

56^ 

83^ 

1416 

91 

46-^ 

56 

1111 

1590 

119 

60^ 

69^ 

139 

1770 

155 

131^ 

83^ 

236^' 

1945 

194 

168^ 

197^ 

322  ^ 

2035 

217 

185^ 

253^ 

372 

2122 

243 

285^ 

275  u 

453 

2210 

272 

301 

361 

505 

2300 

303 

325 

417  ^ 

519  " 

2390 

336 

411^ 

464  * 

556 

2478 

370 

4421"'- 

494 

608 

2565 

405 

476  ^ 

612  ^ 

630; 

2655 

446 

547 

778^ 

685-'' 

2742 

488 

602  ^ 

837^ 

744 

2830 

537 

653  > 

1011 

833" 

2920 

573 

680 

1600 

883  ^ 

3010 

610 

798> 

1718 

994  ^ 
1011 

3095 

661 

868 

1893 

3186 

712 

934 

2035  -’  " 

1064  * 

3275 

770 

976 

2670 

1325 

3361 

838 

1109-> 

2941 

1412 

3450 

902 

1237-^ 

0, 003192 1 

1430 

3540 

988 

1358 

1717 

3625 

1101 

0.001667  x 

1745 

3670 

3715 

0.01229 

f * 

0 

.001916 

. 
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COLUMN  148 
Observed  Lata 

Length  10  ft.  8 in.  Average  gauge  of  hoops  .192  in. 

Gauge  length  100  in.  Mixture  1-2-4. 

Diameter  12  in.  Age  when  tested,  63  days. 

Reinforcement,  No.  8 hoops,  2 in.  center  to  center,  3.200  per  cent. 

Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Old 

Arm 

Solid 

Collar 

Spring 
Collar  on 
Hoops . 

5500 

.000 

.000 

.000 

.000 

.0190 

.0000 

.0000 

22000 

.002 

.002 

.002 

.004 

.0190 

.0000 

.0000 

41000 

.006 

.005 

.005 

.011 

.0190 

.0000 

.0000 

61000 

.012 

.010 

.010 

.017 

.0190 

.0000 

.0000 

81000 

.020 

.015 

.015 

.024 

.0190 

.0000 

.0000 

101000 

.029 

.021 

.021 

.033 

.0190 

.0000 

.0000 

120000 

.040 

.030 

.029 

.042 

.0190 

.0000 

.0000 

140000 

.054 

.042 

.038 

.056 

.0190 

.0000 

.0000 

160000 

.069 

.057 

.052 

.075 

.0190 

.0025 

.0000 

180000 

.092 

.080 

.071 

.099 

.0194 

.0056 

.0050 

200000 

.123 

.112 

.099 

.100 

.0200 

.0070 

.0085 

210000 

.142 

.128 

.114 

.116 

.0200 

.0080 

.0120 

220000 

.161 

.147 

.130 

.135 

.0242 

.0101 

.0120 

230000 

.191 

.175 

.156 

.165 

.0292 

.0130 

.0130 

240000 

.231 

.194 

.173 

.183 

.0300 

.0138 

.0139 

250000 

.235 

.216 

.193 

.205 

.0339 

.0141 

.0146 

260000 

.263 

.242 

.215 

.230 

.0373 

. 0210 

.0165 

270000 

.295 

.272 

.240 

.260 

.0400 

.0243 

.0183 

280000 

.355 

.304 

.247 

.305 

.0440 

. 0323 

.0210 

290000 

.425 

.333 

.249 

.354 

.0450 

.0395 

.0280 

300000 

.496 

.362 

.275 

.407 

.0476 

.0421 

.0280 

310000 

.583 

.394 

.366 

.475 

.0485 

.0487 

.0305 

320000 

327000 

.720  .438  .272 

No  readings  taken. 

.580 

.0590 

.0600 

.0320 

■ 


•I 
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COLUMN  148 

Computed  Lata. 

Unit  Loads  Unit  Long.  Unit  Transverse  Deformation 


r sq. 

in. Deformation 

Arm  (Old) 
Extensometer 

Solid  Spring 

Collar  Collar  on 

Hoops . 

49 

0.00000 

0.000000 

0.000000  0. 

000000 

195 

2 

0 

0 

0 

363 

7 

0 

0 

0 

540 

12 

0 

0 

0 

717 

18 

0 

0 

0 

891 

26 

0 

0 

0 

1062 

35 

0 

0 

0 

1240 

47 

0 

0 

0 

1416 

63 

0 

70v 

0 

1590 

85 

5 

156^ 

139^ 

1770 

108 

12' 

194  v 

236^ 

1857 

125 

12' 

222^ 

333^ 

1945 

143 

62  ' 

281^ 

333'" 

2035 

172 

121 

361^ 

361^ 

2122 

195 

131' 

178 

384' 

386  ^ 

2210 

212 

392  ^ 

406 

2300 

237 

218  y 

584 

458 

2384 

267 

250  S 

675  £/ 

508 

2478 

333 

298 

897^ 

584 

778 

2561 

383 

309  " 

1097 

2654 

434 

340  v' 

1170  ^ 

778 

2742 

496 

351£ 

1352 

847 

.000888 

2830 

2890 

0 .00591 

0.000 H 0.001665>  0 

1 T*: 


COLUMN  151 


Observed  Lata 

Average  gauge  of  hoops  ,0665  In, 
Mixture  1-2-4. 

Age  when  tested,  65  days. 


Length  10  ft.  1 1/2  in. 

Gauge  length  100  in. 

Liameter  9 in. 

Reinforcement,  No.  16  hoops,  2 in.  center  to  center,  1,468  per  cent. 


Load  Longitudinal 

pounds  Extensoraeter  Readings 


Transverse 

Extensoraeter  Readings 


I 

II 

III 

IV 

New 

Arm 

Solid 

Collar 

Spring 

Collar 

On 

Johnson 

Collar 

Hoops 

4000 

.000 

.000 

.000 

.000 

.0068 

.0000 

.0000 

,0024 

10600 

.002 

.003 

.003 

.002 

.0068 

.0000 

,0000 

.0025 

20500 

.007 

.008 

.010 

.009 

.0068 

.0000 

.0000 

.0025 

30000 

.014 

.014 

.016 

.016 

.0068 

.0000 

. 0000 

.0025 

40000 

.023 

.022 

,025 

.025 

.0068 

.0000 

, 0000 

.0019 

50000 

.034 

.033 

.037 

.037 

.0095 

.0012 

.0010 

.0035 

60500 

.052 

.051 

.053 

.054 

.0119 

.0015 

.0010 

.0035 

70000 

.074 

.074 

.074 

.074 

.0153 

.0000 

.0011 

.0039 

80000 

.100 

.100 

.101 

.098 

.0208 

.0016 

.0011 

.0046 

90000 

.139 

.141 

.141 

.130 

.0243 

,0030 

.0020 

.0050 

100000 

.184 

.188 

.188 

.183 

.0306 

.0072 

.0020 

.0062 

110000 

.235 

.235 

.239 

.207 

.0435 

.0172 

.0090 

.0080 

120000 

.293 

.300 

.297 

.234 

.0555 

.0298 

.0126 

.0102 

130000 

.370 

.376 

.376 

,260 

.0536 

.0438 

.0425 

.0140 

137000 

.485 

.475 

.422 

.344 

.0700 

.0428 

.0200 

. 
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•COLUMH  151 
Computed  Data. 


Jnit  Load  Unit  Long. 
15.  per  Deformation 
sq.  in. 


62 

166 

320 

469 

625 

780 

945 

1094 

1250 

1405 

1562 

1720 

1875 

2032 

2140 


0.00000 

2 

8 

15 

24 

35 

52 

74 

100 

138 

181 

229 

281 

344 

0.00431 


Unit  Transverse  Deformation 
Arm  (New)  Solid  Spring  Johnson 

Extensometer  Collar  Collar  on  Collar  on 

Hoops  Hoops 

0.000000  0.000000  0.000000  0.000000 


0 
0 
0 
0 
43 7 
81^ 
144  W 
224  ^ 
28 8 ^ 
378*0 
583^ 
773 
8391' 

0.001003^ 


0 

0 

0 

0 

44^ 

56^ 

59  4"" 

112 

174 

326 

696 

0.001162^ 


0 

0 

0 

0 

37^ 

37— 

41^ 

410 

74^ 

74 

0 . 000467*-" 


0 
0 
0 
0 

59 

59  ^ 
74 
100 
115  o- 
159 
226 
307 
448  z*' 
0.000670^- 
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COLUMN  152 
Observed  Lata 

Length  10  ft.  3/4  in.  • Average  gauge  of  hoops. oei 

Gauge  length  100  in.  Mixture  1—4—8. 

Liameter  9 in.  Age  when  tested,  70  days. 

Reinforcement , No.  16  hoops,  2 in.  center  to  center,  1.348  per  cent. 


Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

New 

Solid 

Spring 

Johnson 

Arm 

Collar 

Collar 

Collar 

On  Hoops , 

5400 

.000 

.000 

.000 

.000 

.0000 

.0000 

.0000 

.0086 

10000 

.003 

.004 

.005 

.002 

.0010 

.0000 

.0000 

. 0086 

15000 

.008 

.010 

.013 

.007 

.0012 

.0005 

.0010 

.0088 

20000 

.015 

.020 

.024 

.016 

.0024 

.0005 

.0011 

.0091 

25000 

.027 

.033 

.040 

.028 

.0039 

.0005 

.0011 

.0091 

30000 

.045 

.054 

.064 

.048 

.0045 

.0006- 

. 0011 

.0092 

35000 

.070 

.082 

.094 

.074 

.0070 

.0012 

.0020' 

.0093 

40000 

.101 

.117 

.130 

.106 

.0101 

.0023 

.0038 

.0097 

45000 

.151 

.174 

.168 

.156 

.0159 

.0041 

.0071' 

.0107 

50000 

.201 

.234 

.226 

.205 

.0199 

.0052 

.0090' 

.0119 

55000 

.260 

.300 

.294 

.265 

.0233 

.0093 

.0125 

.0138 

60000 

.330 

.375 

,368 

.336 

.0321 

. 0130^ 

.0165 

.0173 

65000 

.403 

.458 

.450 

.382 

.0415 

. 0187' 

.0170- 

.0225 

70000 

.486 

.550 

.546 

.435 

.0515 

.0245 

. 019  O' 

.0269 

75000 

.584 

.655 

.636 

.529 

.0630 

. 0326' 

.0260 

.0298 

80000 

.690 

.767 

.740 

.625 

.0680 

. 0427' 

. 0331 

.0330 

81500 

.760 

.836 

.803 

.690 

.0740 

.0485 

. 0343 

.0358 

85000 

.925 

1.015 

.964 

.742 

.0910 

.0575 

.0373 

.0405 

86000 

.985 

1.117 

1.027 

.746 

.0959 

.0600 

,0435 

.0415 

* 
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COLUMN  152 


Computed  Lata. 


Unit  Load 

Unit  Long. 

Unit 

Transverse 

Deformation 

lb.  per 
sq.  in. 

Deformation 

Arm  (New) 
Extensometer 

Solid 

Collar 

Spring  Johnson 

Collar  on  Collar  on 
Hoops  Hoops 

84 

0.00000 

0.000000 

0.000000 

0.000000  0.000000 

156 

3 

16 

0 

0 0 

234 

9 

19" 

18  1/ 

37"  7 V 

313 

19 

38" 

18* 

43"'  18'^ 

391 

32 

62"' 

18  y 

41  18  ' 

468 

53 

73" 

22*" 

41  22  " 

547 

80 

111 

44 

74 " 26 

625 

113 

160" 

85/- 

141*"  41 V, 

703 

162 

252 ; 

152^ 

26 3"  78 

782 

216 

316 

193^ 

333"  122 

859 

280 

370  y 

344 

463/  193- 

938 

352 

510 

482- ' 

612  - 322  , 

1016 

423 

659 

693" 

630"  515 

1090 

504 

818 

907"' 

704^  678 

1172 

601 

1000  ^ 

1208" 

963>  785 

1250 

705 

1062 

1580* 

1225"  , o 904 

1325  1007- 

1500 ' ' 1182 

1275 

772 

1156 

1795^ 

1329 

911 

1423  ^ 

2123" 

1345 

0.00969 

0,001499 

fi>M 

0.002221*" 

0.001537  0. 001219  ^ 

. 

^0 . 

• 

' 

. 
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COLUMD  156 
Observed  Data 

Length  10  ft.  2 1/2  in.  Average  gauge  of  hoops  not  taken. 

Gauge  length  100  in.  Mixture  1-2-4. 

Diameter  9 in.  Age  when  tested,  67  days. 

Reinforcement,  Do.  12  hoops,  2 in.  center  to  center,  2.734  per  cent. 


Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Dew 

Solid 

Spring 

Johnson 

Arm 

Collar 

Collar 

Collar 

On 

Hoops 

3000 

.000 

.000 

.000 

.000 

.0235 

.0000 

.0000 

.0000 

8300 

.001 

.003 

.003 

.001 

.0235 

.0000 

.0000 

.0000 

12200 

.002 

.006 

.005 

.002 

.0235 

.0000 

.0000 

.0000 

18700 

.005 

.009 

.008 

.006 

.0235 

.0000 

.0000 

.0000 

25000 

.008 

.012 

.010 

.007 

.0235 

.0000 

.0000 

.0000 

31000 

.011 

.016 

.014 

.010 

.0235 

.0000 

.0003 

.0003 

36500 

.014 

.020 

.017 

.013 

.0235 

.0000 

.0004 

.0004 

42300 

.016 

.025 

.021 

.017 

.0235 

.0000 

.0004 

.0004 

48000 

.018 

.031 

.026 

.021 

.0235 

.0000 

.0004 

.0008 

55000 

.023 

.039 

.033 

.028 

.0230 

.00  00 

.0004 

.0009 

60000 

.027 

.045 

.039 

.033 

.0229 

.0002 

.0005 

.0010 

66000 

.033 

.053 

.046 

.040 

.0222 

.0007 

.0010 

.0013 

72000 

.041 

.062 

.056 

.050 

.0218 

. 0010 

.0010 

.0018 

78000 

.052 

.075 

.067 

.061 

.0213 

.0011 

.0010 

.0022 

84000 

.064 

.087 

.080 

.071 

.0208 

.0015 

.0010 

.0024 

90000 

.079 

.103 

.095 

.085 

.0197 

.0018 

.0010 

.0032 

96000 

.094 

.120 

.098 

.085 

.0185 

.0021 

.0035 

.0042 

102000 

.118 

.142 

.100 

.086 

.0154 

.0031 

.0058 

.0055 

108000 

.138 

.161 

.101 

.103 

.0120 

.0040 

.0067 

.0069 

114000 

.162 

.184 

.116 

.124 

.0109 

.0054 

.0073 

.0082 

120000 

.191 

.210 

.140 

.144 

.0101 

.0078 

.0080 

.0094 

126000 

.228 

.241 

.168 

.171 

.0093 

.0086 

.0117 

.0106 

132000 

.267 

.275 

.197 

.200 

.0084 

.0102 

.0125 

.0115 

133000 

.308 

.310 

.227 

.224 

.0041 

.0132 

.0139 

.0140 

144000 

.355 

.343 

.258 

.256 

.0019 

.0166 

.0152 

.0155 

150000 

.409 

.384 

.291 

.290 

.0004 

.0202 

.0175 

.0170 

156000 

.463 

.421 

.323 

.333 

.0030 

.0238 

.0198 

.0188 

162000 

.470 

.466 

.358 

.381 

.0125 

.0315 

.0208 

,0299 

168000 

.471 

.512 

.393 

.436 

.0136 

.0370 

.0210 

.0308 

174000 

.471 

.562 

.434 

.505 

.0158 

.0579 

.0269 

.0333 

180000 

.485 

.621 

.474 

.580 

.0194 

.0790 

.0271 

.0357 

186000 

.620 

.700 

.515 

.638 

.0259 

.1130 

.0333 

.0382 

190000 

.862 

.795 

.544 

.640 

.0308 
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COLUMN  156 
Computed  Lata. 

Unit  Unit  Long.  Unit  Transverse  reformation  Average  Spring 

Load  reformation  Arm  ( New) Solid  Spring  Johnson  and  Johnson 


lb. per 
sq.  in. 

Exten-  Collar  Collar  on  Collar  Collars, 

someter  Hoops  on  Hoops 

47 

0.00000 

0.000000  0. 

000000  0. 

000000  0 

.000000  0. 

000000 

130 

2 

0 

0 

0 

0 

0 

191 

4 

0 

0 

0 

0 

0 

292 

7 

0 

0 

0 

0 

0 

391 

9 

0 

0 

0 

0 

0 

484 

13 

0 

0 

11" 

IV' 

11^ 

575 

16 

0 

0 

15 

15 

15 

661 

20 

0 

0 

15" 

15" 

15 

750 

24 

0 

0 

15 

30" 

22 

858 

31 

8" 

0 

15 

33" 

24 

938 

36 

10 ' 

7" 

18" 

37" 

27 

1061 

43 

21 

26 

37/ 

48" 

42 

1125 

52 

27 

37 

37 

67^ 

52^ 

1218 

64 

35 

41' 

37 

81^ 

59 

1312 

75 

43 

56" 

37 

89" 

63" 

1403 

90 

60'' 

67" 

37 

118" 

127  n 

1500 

99 

79 

78 

130 

155" 

142 ; 

1592 

111 

129 :/ 

115" 

215" 

204 

209 

1688 

126 

183 

148 

248  " 

256 

252  u 

1783 

146 

200^ 

200 

270 

304 

287 

1875 

171 

213 

289^ 

296' 

348" 

322  ° 

1970 

202 

22  6> 

319" 

433 

392' 

412 

2061 

235 

240/ 

378  " 

4631" 

426 

444 

2155 

267 

308 l' 

489- 

515" 

518" 

516 

2250 

303 

342 

615" 

563" 

575 

569 

2346 

343 

367  " 

748" 

648" 

630" 

639 

2436 

335 

481 

881 

733 '0 

.000696" 

71&/ 

2532 

419 

572 

1167 

770*" 

750" 

2628 

464 

590" 

1370 

778- 

758 

2720 

517 

624^ 

2142  y 

995: 

975 

2812 

2908 

2970 

575 

635 

0.00677 

682"0. 

785/ 

0.000863^ 

002920  0. 

001005"" 

0. 

000985 

===== 
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COLUMN  157 


Observed  Lata 


Length  10  ft. 

2 in. 

Average 

gauge  of  hoops 

.133  in. 

Gauge  length 

100  in 

• 

Mixture 

1-1  1/2- 

-3. 

Liameter  9 In 

• 

Age  when  tested 

. 67  days. 

He infer cement 

, No. 

12  hoops,  2 

in.  center  to  < 

center. 

2.939  per  cent 

Load 

Longitudinal 

Transverse 

pounds 

Extensometer  Headings 

Extensometer  Headings 

I 

II 

III 

IV 

New 

Solid 

Spring 

Arm 

Collar 

Collar  on 

Hoops 

6000 

.000 

.000 

.000 

.000 

.0024 

.0000 

.0000 

11500 

.001 

.003 

.002 

.002 

.0024 

,0000 

.0000 

20500 

.004 

.006 

.006 

.006 

.0024 

.0005 

.0003 

31000 

.008 

.010 

.010 

.010 

.0024 

.0006 

.0003 

41000 

.014 

.016 

.014 

.015 

.0040 

.0011 

.0013 

50000 

.020 

.020 

.017 

.019 

.0072 

.0019 

.0032 

60200 

.026 

.026 

.023 

.025 

.0094 

.0029 

.0037 

70500 

,032 

.034 

.031 

.033 

.0094 

.0028 

,0037 

80000 

.040 

.042 

.039 

,040 

.0094 

.0025 

.0037 

90000 

.049 

.054 

.049 

.050 

.Co  OS>4 
.1 s>t6o 

.0028 

.0037 

100000 

.062 

.068 

.062 

.064 

.0165 

.0032 

.0037 

110000 

.076 

.085 

.078 

.079 

.0172 

.0047 

.0040 

120000 

.095 

.106 

.099 

.099 

.0174 

.0051 

.0050 

130000 

.117 

.127 

.124 

.121 

.0206 

.0061 

.0076 

140000 

.145 

.158 

.155 

.151 

.0243 

.0091 

.0100 

150000 

.176 

.190 

.188 

.183 

,0342 

.0119 

.0137 

160000 

.215 

.226 

.226 

.222 

. 0380 

.0179 

.0147 

170000 

.260 

.269 

.268 

.268 

.0500 

.0198 

.0154 

180000 

.321 

.318 

.296 

.328 

.0555 

.0261 

.0220 

190000 

.377 

.364 

.338 

.390 

.0650 

.0336 

.0245 

200000 

.443 

.419 

.406 

.452 

.0700 

.0431 

.0281 

215000 

.575 

.519 

.545 

.648 

.0775 

.0610 

220000 

.632 

.528 

.600 

.724 

.0792 

,0700 

227000 

.775 

.570 

.740 

.914 

.0941 

228000 

No  readings 

taken. 

225000 

.850 

.600 

.845 

1.104 

.1215 
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COLUMN  157 
Computed  Lata. 


Unit  Loads  Unit  Long. 


lb 


Unit  Transverse  reformation 


r sq. 

in. reformation 

Arm  (New) 
Extensometer 

Solid 

Collar 

Spring 
Collar  on 
Hoops . 

94 

0.00000 

0.000000 

0.000000 

0.000000 

180 

2 

0 

0 

0 

320 

5 

0 

18 

ir 

484 

9 

0 

22" 

lr' 

640 

15 

25^ 

41^ 

48^ 

781 

19 

76  a" 

70- 

119- 

940 

25 

111- 

107 

137^ 

1101 

32 

nr 

104^ 

148**  7 

1250 

40 

nt 

93^ 

159 

1405 

50 

nr 

104  <" 

170-3-1 

1563 

64 

119 

1191" 

182 

1720 

79 

130 

174*" 

193  t# 

1875 

100 

133 

189 

230 ! $5 

2030 

122 

184 

226" 

326- 

2188 

152 

243 

337^ 

415370 

2342 

184 

400 

44ir 

552  y 

2500 

222 

460 

663  "" 

588 

2655 

266 

651 

733'- 

615 

2812 

316 

748 

965" 

,b  859 

951  m 

2970 

367 

889 

-1295  ^ 

3128 

430 

968 

1596" 

0.001086" 

3360 

572 

1088 

2260 

3440 

3550 

3561 

3520 

622  0.001114 

750 

No  readings. 

0.00850 

0.002592 
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SP IR At -HOOPED  CO LUMN S 


OBSERVED  AND  COMPUTED  DATA 
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COLUMN  171 
Observed  Lata 

Length  10  ft.  2 in.  Liameter  12  in. 

Gauge  length  100  in.  Age  when  tested,  56  days. 

Reinforcement , ^7  spiral  wire,  1 in.  center  to  center,  high  carbon, 
0.85  fo. 

Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensoraeter  Readings 


I 

II 

III 

IV 

Old 

Solid 

Arm 

Collar 

6100 

.0000 

.0000 

.0000 

.0000 

.0018 

.0000 

20500 

.0042 

.0025 

.0045 

.0063 

.0018 

.0000 

40700 

.0112 

.0067 

.0128 

.0170 

.0018 

.0000 

61000 

.0200 

.0140 

.0220 

.0272 

.0018 

.0012 

80500 

.0299 

.0215 

.0312 

.0384 

.0018 

.0013 

100500 

.0423 

.0317 

.0421 

.0514 

.0018 

.0017 

120300 

.0556 

.0400 

. 0543 

.0660 

.0018 

. 0029 

140000 

.0716 

.0530 

.0687 

.0834 

.0018 

.0036 

160000 

.0922 

.0699 

.0880 

.1054 

.0018 

.0050 

180000 

.1204 

.0900 

.1123 

.1352 

.0020 

.0063 

200000 

.1599 

.1200 

.1480 

,1782 

. 0023 

.0097 

210000 

.1880 

.1420 

.1740 

.2060 

.0046 

.0103 

220000 

,2200 

.1640 

.2010 

.2400 

.0129 

.0124 

230000 

.2610 

.1930 

.2370 

.2850 

.0164 

.0165 

240000 

.3110 

.2250 

.2780 

.3230 

.0255 

.0208 

250000 

.3790 

.2700 

.3360 

• 

.0363 

.0296 

260000 

.4550 

.3150 

.3980 

.0518 

.0390 

270000 

.5790 

.3820 

.4940 

.0707 

.0565 

280000 

.8000 

.0478 

.6240 

.0834 

.0795 

282  900 

Maximum  load 

• 
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COLUMN  171 
Computed  lata. 

Unit  loads  Unit  Long.  Unit  Transverse  leformation 

It.  per  sq.  in. leformation.  Arm  Solid 

Extensometer  Collar 


181 

. 000044 

.000000 

.000000 

360 

119 

0 

0 

540 

208 

0 

33" 

712 

302 

0 

36" 

889 

419 

0 

47 

1067 

540 

0 

80^ 

1240 

692 

0 

100 

1416 

889 

0 

139 

1593 

1145 

2> 

175  " 

1770 

1515 

6^ 

270 

1859 

1775 

35  ^ 

286.- 

1948 

2062 

132' 

344^ 

2037 

2440 

1744" 

458 

2125 

2842 

282^ 

411 

578 

2213 

$£^-3370/'^3 

823v 

2302 

38^3  4027* 

596 

1082" 

2390 

ar&SO  5077  ' 

82 Of  . 
994  1 

1570" 

2478 

2503 

6M0  6730  v 

2210  u 
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COLUMN  172. 


Observed  Data 


Length  10  ft.  3 l/2  in.  Diameter  12  in. 

Gauge  length  100  in.  Age  when  tested,  63  days. 

Reinforcement,  #7  spiral  wire,  1 in.  center  to  center, 
high  carbon,  0.85$ 


Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Spring 

Solid 

Old 

Collar 

Collar 

Arm 

6700 

.000 

.000 

.000 

.000 

.0000 

.0000 

.0150 

21000 

.003 

.003 

.004 

.003 

. 0000 

.0000 

.0150 

41000 

.007 

.009 

.011 

.009 

.0010 

.0010 

.0150 

61000 

.014 

.015 

.017 

.015 

.0010 

.0010 

.0150 

81000 

.021 

.022 

.023 

.023 

.0010 

.0010 

.0150 

101000 

.030 

.030 

.031 

.032 

.0010 

.0010 

.0150 

121000 

.040 

.039 

.040 

.042 

.0010 

.0010 

.0150 

140500 

.054 

.051 

.052 

.056 

.0020 

.0021 

.0150 

160000 

.072 

.067 

.067 

.075 

.0028 

. 0043 

.0150 

180000 

.105 

.095 

.094 

.108 

.0065 

.0080 

.0150 

200000 

.131 

.143 

.139 

.165 

.0140 

.0154 

.0162 

210000 

.151 

.170 

.166 

.197 

.0195 

.0225 

.0205 

220000 

.184 

.202 

.198 

.232 

.0250 

.0305 

.0308 

230000 

.206 

.243 

.239 

.278 

.0351 

.0418 

.0492 

240000 

.206 

.287 

.284 

.330 

.0422 

.0551 

.0570 

250000 

.261 

.339 

.340 

.392 

.0558 

.0666 

.0768 

260000 

.345 

.404 

.414 

.480 

.0730 

.0838 

.1100 

270000 

.450 

.490 

.512 

.602 

.1083 

.1138 

.1360 

280000 

.711 

.641 

.747 

.893 

.2884 

.2885 

.1490 

283200 

Maximum  load 

• 

277500 

.900 

.726 

.956 

1.121 

.1530 

. 
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COLUMN  172 


Computed  Lata 


Unit  Loads 

Unit  Long. 

Unit  Transverse 

Leformat ion 

lb.  per  sq.  in. 

Leformat ion 

Arm 

Extensometer 

Average  of 
Collars 

59 

. 00000 

.000000 

.000000 

186 

.00003 

.000000 

.000000 

363 

.00009 

.000000 

.000028- 

540 

.00015 

.000000 

. 000028'- 

717 

.00022 

. 000000 

.000028- 

894 

.00031 

.000000 

. 000028 " 

1071 

.00040 

.000000 

. 000028- 

1243 

.00053 

.000000 

. 000057"' 

1416 

.00070 

.000000 

.000097- 

1593 

.00100 

.000000 

.000202^ 

1770 

.00144 

. 000013-  1 

,000408 

1859 

.00171 

.000066^ 

.000583 

1948 

.00204 

.000188 

.000767 

2037 

.00241 

.000407 

.001070 

2125 

.00288 

. 000500“ 

.001351 

2213 

.00345 

. 000737^  t, 
.00H3G  ' 

. 001440' 

. 0017&8 

2301 

.00422 

. 002178  ^ 

2390 

. 00525 

. 0030353  o 

2478 

.00760 

. 001595 

2508 

2475 


.00937 
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COLUMN  173 
Observed  Lata 


Length.  10  ft . 1 l/2  in.  Liameter  12  in. 

Gauge  length  ICO  in.  Age  when  tested,  57  days. 

Reinforcement,  #7  spiral  wire,  1 in.  center  to  center, 
high  carbon,  0.82$ 


Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

6000 

.000 

.000 

.000 

20500 

.002 

.001 

.005 

41000 

.006 

.005 

.013 

60500 

.012 

.011 

.022 

81000 

.018 

.019 

.031 

100000 

.026 

.027 

.041 

120000 

.039 

.039 

.055 

140000 

.059 

.057 

.078 

160000 

.094 

.088 

.115 

180000 

.145 

.135 

.167 

190000 

.179 

.165 

.198 

200000 

.215 

.204 

.235 

210000 

.268 

.257 

.277 

220000 

.321 

.312 

.330 

227000 

.360 

.351 

.378 

176000 

.353 

.351 

.374 

145000 

.344 

.341 

.364 

123000 

.335 

.333 

.356 

98000 

.326 

.324 

.346 

70000 

.314 

.310 

.332 

44000 

.295 

.293 

.314 

21000 

.270 

.267 

.288 

6000 

.237 

.231 

.258 

51000 

.261 

.261 

.283 

100000 

.294 

.295 

.327 

150000 

.325 

.325 

.359 

200000 

.358 

.358 

.394 

220000 

.359 

.390 

.430 

195000 

.355 

.390 

.430 

99000 

.323 

.356 

.393 

6000 

.230 

.257 

.293 

122000 

After 

spiral 

rein 

IV 

Spring 

Solid 

Old 

Collar 

Collar 

Arm 

.000 

.0000 

.0000 

.0000 

.003 

.00  00 

.0000 

.0000 

.009 

. 0000 

.0000 

. 0010 

.016 

.0034 

.0004 

.0010 

.024 

.0035 

.0006 

,0010 

.034 

.0035 

. 0006 

.0010 

.047 

.0035 

.0008 

.0010 

.069 

. 0035 

.0011 

.0010 

.105 

.0078 

.0014 

.0008 

.156 

. 0133 

. 0034 

.0082 

.189 

,0180 

.0050 

.0141 

.224 

.0203 

.0072 

.0180 

.272 

. 0310 

.0113 

.0280 

.322 

.0374 

,0149 

. 0389 

.367 

. 0453 

,0211 

.0476 

.366 

.0460 

.0211 

.0480 

.356 

.0450 

.0211 

.0454 

.348 

.0450 

.0211 

.0446 

.339 

.0450 

.0211 

,0405 

.328 

.0450 

.0211 

.0370 

.310 

.0450 

.0211 

.0312 

.286 

.0450 

.0211 

.0203 

.258 

.0356 

.0190 

.0005 

.284 

,0356 

.0180 

.0004 

.317 

.0356 

.0198 

.0065 

.347 

.0400 

.0213 

.0072 

.380 

.0454 

.0240 

.0178 

.412 

,0480 

.0269 

.0246 

.412 

.0504 

.0273 

.0250 

.380 

.0500 

.0273 

.0175 

.292 

.0404 

.0215 

.0060 

forcing  was  removdd. 


ISO 


\ 
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COLUMH  173 


Computed  Tata, 


Unit  Loads 

Unit  Long. 

Unit  Transverse  reformation 

lb.  per  sq.  in. 

Reformation 

Arm 

Extensomete 

Spring 
r Collar 

Solid 

Collar 

53 

.000000 

.000000 

.000000 

.000000 

181 

.000028 

.000000 

.000000 

.000000 

363  354  * 

.000082 

.000000 

.000000 

. 000000 

536 

.000152 

.000000 

. 000095' 

.000011*" 

717 

.000230 

.000000 

.000097- 

. 000017  * 

885 

.000320 

.000000 

.000097- 

'Oooofl 

1062 

.000450 

. 000000 

.0  00097> 

. 000022-" 

1240 

.000657 

.000000 

. 000097^ 

.000030 

1416 

.001005 

.000021 

.0002-26)2)7 

.000039*" 

1593 

.001507 

.000110 

.000370^ 

. 000095  - 

1680 

.001827 

.000180 

.000501 

.000564 

.000139*" 

1770 

.002195 

. 000260 

.000200*" 

1859 

.002685 

.000345" 

. 000862" 

.000314" 

1948 

. 003212 

.000477 

.001040^ 

.001260 

. 000415 ' 

2010 

.003640 

, 000578= 

.000585^ 

1558 

.003610 

.000583 

.001278" 

.000585" 

1283 

. 003512 

.000552 

.001250^ 

.000585 

1089 

.003430 

.000542 

.001250*" 

.000585 

867 

.003337 

.000494 

.001250 

.000585 

619 

.003210 

.000452 

. 001250 

.000585 

391 

.003030 

.000383 

. 001250 

. 000585 

186 

.002777 

.000254 

.001250 

.000585 

53 

.002460 

.000018 

.000990'' 

. 000528"" 

451 

. 00272%  Z 

.000017 

.000990 

. 000500^ 

885 

. 00308^  £ 

.000090 

.000990 

.000549" 

1328 

.003390 

.000098 

.001110  \ 

.000592* 

1769 

.003725 

.000225 

.001260 

.000666 

1947 

.004057 

. 000305 

. 001320  ^ 

.001400 

.001390 

. 000746  6 

1727 

.004047 

.000310 

. 000758'" 

875 

. 003710 

.000220 

.000758  ^ 
.000597 

53 

1080  With 

.002760  .000005 

/ £7"  * 

spiral  reinforcing  taken 

.001120 

off. 
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COLUMN  176 


Observed  Lata 

Length  10  ft.  2 l/2  in.  liameter  IS  in. 

Gauge  length  100  in.  Age  when  tested,  60  days. 

Reinforcement , #7  spiral  wire,  1 in.  center  to  center, 
soft  steel,  0. 84%. 

Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I II 

III 

IV 

Old 

Solid 

Arm 

Collar 

5500 

.0000  .0000 

.0000 

.0000 

.0045 

.0000 

S0500 

.0032  .0020 

.0075 

.0060 

.0045 

.0000 

40500 

.0100  .0047 

.0186 

.0152 

,0045 

. 0000 

61500 

.0202  .0061 

.0308 

,0270 

.0044 

.0000 

81000 

.0315  .0079 

.0442 

.0390 

.0044 

.0000 

100000 

.0450  .0082 

.0580 

.0530 

.0043 

.0017 

120000 

.0621  .0080 

.0780 

.0715 

.0043 

.0029 

140000 

.0845  .0081 

.1042 

.0948 

.0043 

.0061 

160000 

.1190  .0334 

.1397 

.1280 

.0043 

.0093 

180000 

.1720  .0850 

.2040 

.1840 

. 0043 

.0195 

200000 

.2570  .1720 

.3070 

.2740 

.0035 

.0342 

210000 

.3010  .2220 

.3630 

.3210 

.0000 

.0461 

220000 

.3640  .2980 

.4480 

.3910 

.0160 

.0670 

230000 

.4430  .4150 

.5630 

.4890 

.0470 

.1285 

235300 

Maximum  load 

234300 

. 5800  ‘,6150 

.8660 

.6980 

.1875 

230000 

.7030  .804  1 

.098 

.8600 

.3230 

221000 

.7770  .947  1 

.270 

.9850 

.4730 

197000 

.7440  .961  1 

.575  1 

.0530 

.6800 

' 
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COLUMI  176 


Computed  Data 


Unit  Loads 

Unit  Long. 

Unit  Transverse 

reformation 

i.  per  sq.  in. 

Tefo rmation 

Arm 

Solid 

Extensometer 

Collar 

49 

.000000 

.000000' 

.000000 

181 

.000047 

.000000 

.000000  . 

368 

.000146 

.000000 

.000000 

544 

.000260 

.000001 

.000000 

717 

.000382 

.000001 

. 000000 

885 

. 000520 

.000002 

.000047 

1062 

.000705 

. 0C0002J 

.000081^ 

1240 

.000892 

.000002 

.000169*' 

1416 

.001216 

.000002 

.000258^ 

1593 

.001778 

. 000002 

.000542  ^ 

1770 

.002691 

. 000012fc 

.000950 

1859 

. 003183 

. 000054''' 

.001282^ 

1948 

.003918 

.000244 

. 001861^ 

2037 

.004941 

. 00Q&6061  f 

.003570^ 

2080 

Maximum  load. 

2075 

.007063 

.002285 

2037 

.008662 

.003895^ 

1957 

.011607 

. 005680  ^ 

1743 

.008160- 
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C0LUM1  177 
Observed  Data. 


Length  10  ft.  3 in.  Diameter  12  in. 

Gauge  length  100  in.  Age  when  tested,  64  days. 

Reinforcement,  ^7  spiral  wire,  1 in.  center  to  center, 
soft  steel,  0.85$. 


Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I II  III  IV  Spring  Solid  Old 

Collar  Collar  Arm 


7000 

.000 

.000 

.000 

20400 

.003 

.003 

.006 

39000 

.010 

.010 

.013 

60500 

.020 

.018 

.023 

81000 

.032 

.028 

.034 

100000 

.044 

.039 

.045 

120000 

.060 

.053 

.060 

140000 

.080 

.069 

.076 

160000 

.106 

.091 

.098 

186000 

.149 

.125 

.132 

200000 

.222 

.180 

.187 

210000 

.269 

.214 

. 222 

220000 

.332 

.255 

.268 

230000 

.404 

.300 

.316 

240000 

.514 

.365 

.378 

249000 

.740 

.462 

.468 

245000 

.943 

.535 

.564 

235000 

1.184 

.611 

.663 

.000 

.0000 

.0000 

.0170 

.005 

.0000 

.0000 

.013 

.0000 

.0000 

.024 

.0010 

.0008 

.0170 

.035 

.0013 

.0008 

.0170 

.046 

.0017 

.0008 

.0170 

.061 

.0018 

.0022 

.0170 

.080 

.0060 

.0037 

.0171 

.104 

.0080 

.0068 

.0172 

.142 

.0150 

.0120 

.0182 

.209 

.0279 

. 0232 

.0255 

.254 

.0341 

.0300 

.0420 

.320 

.0448 

.0382 

.0536 

.393 

.0549 

.0491 

.0565 

.500 

.0685 

.0626 

.0645 

.605 

.1410 

.0809 

.0780 

.806 

1.035 

.1631 

.0970 

.0878 

COLUMN  177. 


Computed  Lata 


Unit  Loads 

Unit  Long. 

Unit  Transverse 

Lefo rmat ion 

t.  per  sq.  in. 

reformation 

Arm 

Average  of 

Extensometer 

Collars 

62 

.00000 

.000000 

.000000 

180 

.00004 

.000000 

. 000000 

345 

.00012 

.000000 

.000000 

535 

.00021 

.000000 

.000025- 

717 

. 00032 

. 000000 

.0000312^ 

885 

. 00043 

.000000 

.000034  * 

1062 

.00058 

.000000 

.000051 6 

1240 

. 00076 

.000000 

. 00013^  k 

1416 

.00100 

.000000 

.000206^ 

1593 

.00137 

. 000012; 

.000375" 

1770 

.00199 

. 000099 

.000708^ 

1859 

.00240 

.000300  ^ 

. 000889“""' 

1948 

.00294 

.000435 

.001152^ 

2037 

.00353 

.000470 

.001442  - 

2125 

. 00439 

. 000565' 

.001848  2 0 

2203 

.00549 

.000726^ 

.002250-9 

2165 

.00712 

. 000843' 

. 0026-95 

1990 

.00873 
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COLUMN  178 
Observed  Lata 

Length  10  ft.  1 in.  Liameter  12  in. 

Gauge  length  100  in.  Age  when  tested,  61  days. 

Reinforcement,  #7  spiral  wire,  1 in.  center  to  center, 
soft  stee,  0.84 % 


■ Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Spring 

Solid 

Old 

Collar 

Collar 

Arm 

2500 

.000 

.000 

.000 

.000 

.0000 

.0000 

.0000 

21000 

.004 

.004 

.004 

,004 

. 0000 

.0000 

.0000 

41000 

.009 

.010 

.011 

.010 

.0004 

.0015 

.0000 

60000 

.014 

.017 

.017 

.016 

.0004 

. 0018 

.0000 

80000 

.022 

.025 

.026 

.025 

,0008 

.0020 

.0000 

99000 

.033 

.035 

.037 

.035 

.0023 

.0022 

.0000 

116500 

.047 

.050 

,053 

.051 

.0030 

.0022 

.0000 

140000 

.072 

.075 

.080 

.078 

.0055 

.0028 

.0000 

160000 

.108 

.112 

.119 

.108 

.0094 

.0032 

.0000 

180000 

.166 

.172 

.128 

.132 

.0168 

.0084 

.0008 

190000 

.203 

.210 

.128 

.137 

.0203 

.0109 

.0075 

200000 

.244 

.252 

.135 

.137 

.0258 

.0152 

.0145 

210000 

.293 

.303 

.185 

.144 

.0314 

.0198 

.0155 

220000 

.352 

.363 

.244 

.184 

.0372 

.0263 

.0268 

230000 

.353 

.439 

.320 

.247 

.0474 

.0350 

.0395 

240000 

.448 

.541 

.422 

.291 

.0592 

.0476 

.0586 

245000 

.546 

.644 

.524 

.387 

.0718 

.0551 

.0620 

249000 

.660 

.758 

.623 

.494 

.0825 

.0815 

251000 

Maximum  load 

249000 

.801 

.891 

.624 

.581 

.1010 

.0905 
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COLUMN  178 
Computed  Data 


Unit  Loads 

Unit  Long. 

Unit  Transverse  Deformation 

i.  per  sq.  in. 

reformation 

Arm 

Extensometer 

Spring  Solid 

Collar  Collar 

22 

.000000 

.000000 

.000000  .000000 

186 

.000040 

.000000 

.000000  .000000 

363 

.000100 

.000 coo 

.000011*  . 000042  ■ 

531 

.000160 

.000000 

.000011  .000050^ 

709 

.000245 

.000000 

.000022  .000055- 

876 

.000350 

.000000 

.000064^  .000061" 

1030 

.000502 

. 000000 

. 000083  ^ .000061 

1238 

.000762 

. 000000 

. 000153 ^ .000078*/ 
.000261'  .000089- 

1416 

.001117 

.000000 

1593 

.001495 

.000010^ 

.000467^  .000234^ 

1680 

.001897 

.000090*" 

. 000564-  .000330 

1770 

.002312 

. 000170/ 

. 000717 " . 000422^ 
.000873  .000550^ 
.001032'  .000730/ 
. 001330  . 000974 1 

1859 

.002705 

. 000190s/ 

1948 

. 003250 

.000320^ 

2037 

.003980 

. 000469-' 

2125 

.004837 

. 000698  ^ 

.001642-'  .001322 

2170 

.005835 

. 000738^ 

.001993'  .001530/ 

2205 

.006920 

.000970" 

.001080' 

2220 

2205 

. 008353 
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COLUMN  181 
Observed  Data 


Length  10  ft.  4 in.  Diameter  12  in. 

Gauge  length  100  in.  Age  when  tested,  57  days. 

Reinforcement,  1/4  in.  spiral  wire,  1 in.  center  to  center, 
high  carbon,  0.85%. 


Load  Longitudinal  Transverse 

pounds  Extensoraeter  Readings  Ixtensometer  Readings 


I II 

III 

IV 

Solid  Collar 

5000 

,0000  .0000 

.0000 

.0000 

.0000 

22000 

.0052  .0057 

.0061 

.0062 

.0000 

40500 

.0138  .0120 

.0148 

.0151 

.0000 

61000 

.0231  .0204 

.0231 

.0255 

.0000 

20500 

.0351  .0311 

. 0343 

.0394 

.0006 

100000 

.0513  .0459 

.0496 

.0590 

.0007 

120000 

.0730  .0618 

.0700 

.0840 

.0012 

140000 

.1010  .0869 

.0991 

.1200 

.0048 

160000 

,1430  .1255 

.1428 

.1660 

.0078 

180000 

.2080  .1850 

.2030 

.2370 

.0128 

200000 

.2980  .1910 

.3050 

.3440 

.0283 

210000 

.3500  .2260 

.3560 

.4020 

.0342 

220000 

.4090  .2770 

.4210 

.4780 

.0512 

230000 

.4700  .3250 

.4850 

.5530 

.0615 

240000 

.5400  .3800 

.5650 

.6440 

.0839 

250000 

.6160  .4380 

.6500 

.7410 

.1540 

260000 

.7150  .5040 

.7560 

.8700 

.2150 

270000 

.8070  .5560 

.8500 

.9830 

280000 

.9100  .6120 

.951  1 

.1200 

290000 

1.0080  .666  1 

.070  1 

.2950 

300000 

1.1250  .729  1 

.196  1 

.4960 

307000 

1.2500  .740  1 

.279  1 

.6700 
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COLUMN  181 
Computed  Nats 


Unit  Loads 
lb.  per  sq.  in 

44 

195 

358 

540 

712 

885 

1062 

1240 

1416 

1593 

1770 

1859 

1948 

2037 

2125 

2213 

2301 

2390 

2478 

2566 

2655 

2718 


Unit  Long, 
reformation 

.000000 
.000058 
.000139 
.000230 
.000350 
.000514 
.000722 
.001017 
. 001443 
.002082 
.003080 
.003570 
.004197 
.004817 
.005547 
.006347 
.007347 
.008225 
.009217 
.010182 
.011600 
.012570 


Unit  Transverse 
reformation 
Solid  Collar 
. 000000 
. 000000 
.000000 
.000000 
.000017^ 
.000019^ 

. 000034y 
. 00 0133 (/ 
.000217 
.000356 
. 000787 ;V 
. 000950  ^ 
.001422^ 

. 001710  / 
.002330 
.004280 : 
.005970  ; 
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COLUMN  182 
Observed  Data 

Length  10  ft.  3 in.  Diameter  12  in. 

Gauge  length  100  in.  Age  when  tested,  60  days. 

Reinforcement,  l/4  in.  spiral  wire,  1 in.  center  to  center, 
high  carbon,  1.67$ 


Load  Longitudinal  Transverse 

pounds  Extensometer  Headings  Extensometer  Headings 


I 

II 

III 

IV 

Spring 

Solid 

Old 

Collar 

Collar 

Arm 

5000 

.000 

.000 

.000 

.000 

.0000 

.0000 

.0000 

21500 

.002 

.003 

.004 

.005 

.0000 

.0000 

.0000 

41000 

.006 

.008 

.010 

.010 

.0000 ' 

.0000 

,0000 

61500 

.011 

.015 

.015 

.015 

.0000 

.0000 

.0000 

81500 

.018 

.021 

.022 

.021 

.0010 

.0020 

.0000 

101000 

.025 

.030 

.030 

.028 

.0010 

.0020 

.0000 

120500 

.033 

.039 

.039 

.036 

.0013 

. 0022 

.0000 

140500 

.043 

.050 

.050 

.047 

.0020 

.0027 

.0000 

160000 

.058 

.067 

.066 

.062 

.0028 

.0031 

.0000 

180000 

.076 

.089 

.089 

.082 

. 0035 

.0039 

.0000 

200000 

.103 

.120 

.120 

.110 

.0050 

.0050 

.0010 

210000 

.121 

.141 

.143 

.129 

.0069 

-.0062 

.0015 

220000 

.139 

.163 

.166 

.150 

.0085 

.0070 

.0020 

230000 

.160 

.186 

.192 

.171 

.0098 

.0080 

.0030 

240000 

.186 

.218 

.225 

.200 

.0136 

.0121 

.0043 

250000 

.210 

.246 

.256 

.226 

. 0160 

.0143 

.0055 

260000 

.237 

.275 

.288 

.257 

.0201 

.0160 

.0060 

270000 

.267 

.314 

.327 

.293 

.0235 

.0204 

.0063 

280000 

.299 

.353 

.370 

.332 

.0270 

.0240 

.0135 

290000 

.334 

.396 

.419 

.375 

.0336 

.0270 

.0155 

300000 

.370 

.440 

.470 

.419 

.0400 

.0360 

.0215 

310000 

.410 

.492 

.528 

.438 

.0480 

.0410 

.0266 

320000 

.448 

.545 

.590 

.438 

.0576 

.0472 

.0378 

330000 

.488 

.600 

.655 

.438 

.0584 

• 

.0495 

3400 00 

.529 

.655 

.720 

.438 

.0732 

.0532 

350000 

.569 

.710 

.790 

.438 

.1000 

.0795 

360000 

.618 

.780 

.828 

.441 

.1290 

.0893 

370000 

.660 

.845 

.905 

.441 

.1588 

.1018 

380000 

.702 

.915 

.990 

.443 

.1144 

390000 

.734 

.990 

1.055 

.451 

.1162 

400000 

.788 

1.080 

1.148 

.506 

.1162 

410000 

.832 

1.132 

1.238 

.506 

.1245 

420000 

.882 

1.232 

1.280 

.510 

.1258 

429300 

Maximum  load. 

417200 

.895 

1.370 

1.528 

.510 

.1258 
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COLUMN  182 
Computed  Lata 


Unit  Loads 

Unit  Long. 

Unit  Transvers 

lb.  per  sq.  in. 

Leformation 

Arm 

Extensometer 

44 

.00000 

.000000 

190 

.00004 

.000000 

362 

.00008 

.000000 

544 

.00014 

.000000 

720 

.00021 

.000000 

894 

.00028 

.000000 

1068 

.00037 

.000000 

1243 

.00048 

■ .000000 

1416 

.00063 

.000000 

1593 

.00084 

.000000 

1770 

. 00113 

.000012 

1859 

. 00131 

. 000018 / 

1948 

.00155 

.000024^ 

2033 

.00177 

. 000036 

2125 

.00207 

. 000051^ 

2213 

.00235 

.000066 

2302 

.00264 

. 000072^ 

2390 

.00300 

.000075^ 

2478 

.00339 

. 00016V" 

2565 

.00381 

.000185-' 

2655 

.00425 

. 000256  ^ 

2748> 

.00467 

.000316 

"2835 

. 00528 

. 000450  - 

2920 

.00581 

. 000590  ^ 

3009 

.00635 

. 000635^' 

3097 

.00690 

. .000947^ 

3185 

. 00742 

.001063^ 

3275 

.00803 

.001210 

.001359 

? f3363 

, 00869 

' ! 3363 

.00869 

. 001359  7- 

3453  f 

.00926 

3540 

.01005 

3629  , 

.01067 

37^5  V 
"3800 

. 01131 

3685 

.01264  > 

u 


Le format ion 
Average  of 
Collars 

.000000 

.000000 

.000000 

.ocoooo 

.000042X 
. 000042^' . 

. 000047  " 

. 00 00 64 ^ 
.000083  — 

. 000106s 

. 000139 

. 000182 (S 

. 000215  ^ 
.000248 
.000356 
.000422- 
. 000500 
. 000608  ^ 
.000708 ^ 
.000842*" 
.001055^ 

. 001236  ^ 
.001455 
. 00162V 
.002035 
.002780  * 

. 003580  ^ 
.004420 ' 
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COLUMN  183 
Observed  Data 


Length  10  ft.  2 l/2  in.  Diameter  12  in. 

Gauge  length  100  in.  Age  when  tested,  63  days. 

Reinforcement,  1/4  in.  spiral  wire,  1 in.  center  to  center, 
high  carbon,  1.68$ 


Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Spring 

Solid 

Old 

Collar 

Collar 

Arm 

6500 

.000 

.000 

.000 

.000 

.0000 

.0000 

.0030 

22000 

.001 

.003 

.004 

.004 

.0000 

.0000 

.0030 

41000 

.003 

.007 

.009 

.009 

.0000 

. 0000 

,0030 

60000 

.008 

,013 

.015 

.016 

.0000 

.0010 

. 0033 

81000 

.016 

.019 

.021 

.024 

.0000 

.0010 

.0038 

100000 

.026 

.027 

.029 

,033 

.0012 

.0012 

.0042 

120000 

.037 

.037 

.038 

.045 

.0028 

.0022 

.0049 

140000 

.039 

.050 

.051 

.060 

.0040 

.0032 

.0055 

160000 

.055 

.065 

.065 

.078 

.0066 

.0048 

.0067 

180000 

.081 

.089 

.088 

.104 

.0136 

.0065 

.0103 

200000 

.115 

.118 

.117 

.139 

.0204 

.0100 

.0150 

210000 

.136 

.134 

.135 

.160 

.0204 

.0120 

.0215 

220000 

.160 

.144 

.145 

.183 

.0320 

.0130 

.0288 

230000 

.185 

.163 

.179 

.210 

.0370 

.0156 

.0383 

240000 

.215 

.188 

.205 

.240 

.0393 

.0190 

.0540 

250000 

.247 

,215 

.233 

.273 

.0510 

.0202 

.0660 

260000 

.280 

.244 

.262 

,307 

.0570 

.0255 

,0783 

270000 

.318 

.276 

.295 

,344 

.0652 

.0296 

.0916 

280000 

.360 

.312 

.386 

,0730 

.0341 

.1030 

290000 

.375 

.351 

.430 

.0835 

. 0565 

.1100 

300000 

.427 

.394 

.480 

. 0932 

.0636 

.1250 

310000 

.482 

.440 

.530 

.1040 

.0735 

.1430 

320000 

. 545 

.480 

.317 

.586 

.1160 

.0823 

.1655 

330000 

.606 

.527 

.317 

.643 

.1240 

.0950 

.2220 

340000 

.672 

.575 

.317 

.703 

.1366 

.1108 

. 2440 

350000 

.745 

.625 

.317 

.768 

.2680 

360000 

.829 

.655 

.318 

.843 

.2950 

370000 

.921 

.714 

.318 

.918 

.3350 

380000 

1.015 

.771 

.318 

1 

.010 

.4050 

390000 

1.128 

.826 

.319 

1 

.100 

.4440 

400000 

1.169 

.902 

1 

.205 

.4950 

410000 

1.315 

.970 

1 

.330 

.5310 

420000 

1.465 

1.062 

1 

.455 

.5620 

428400 

1.661 

1.111 

1 

.755 

.6050 
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COLUMN  183 
Computed  Lata 


it  Loads 

Unit  Long. 

Unit  Transverse  Deformation 

per  sq.  in. 

Deformation 

Arm  Spring 

Extensometer  Collar 

Solid 

Collar 

58 

.000000 

.000000  .000000 

.000000 

195 

.000030 

.000000  .000000 

.000000 

363 

.000070 

.000000  .000000 

. oooooo 

531 

.000130 

.000004^  .000000 

.000028  " 

717 

.000200 

.000010  .000000 

.000028- 

885 

.000287 

.000010  .000033*' 

. 000033  " 

1062 

. 000392 

.0000202-*  . 000078 ^ 

. 000061 ; 

1240 

.000535 

. 000030  > 0 .000111*' 

. 000089  t" 

1416 

.000692 

.000044  " . 0001BJT- 

.000133  ' 

1593 

.000905 

.000087.  . 000378  ^ 

.000143  . 000567  ^ 

. 000181 

1770 

.001257 

.000278" 

1859 

.001448 

.000220-  .000667 

.000333- 

1948 

.001615 

.000307''  .000889' 
.000420'.  .001028' 
.000607'  .001091' 
.000750  .001418- 
.000898  . 001582" 

.000361-' 

2037 

.001878 

. 000433 
.000528 

2125 

.002155 

2213 

.002455 

.000561^ 

2301 

.002768 

. 000707 

2390 

. 003118 

. 001053^  .001810  - ' 

.000823 

2478 

.003530 

.001190^  .002030- 

.000948 

2566 

.003900 

. 001273 ( .002320* 

.001570^ 

2655 

. 004383 

. 001451 7 , .002586 

.001765  ^ 

2742 

.004886 

.0016691^  .002833 ’ 
.001970^  .003220 

, 002040  * 

2835 

.005416 

.002285 

2920 

.005966 

.002620  " .003445 
. 002900a  °.  003795" 

.002640  " 
.003080  ^ 

3009 

.006546 

3097 

.007173 

.003190- Do 

3185 

.007803 

. 003515  3 ^ & 

3275 

.008556 

.003990  * 

3363 

.009363 

.004920-0^ 

3453 

.010226 

.005290 
. 005^60 

3540 

.010966 

3629 

.012096 

.006320.'^° 

.006690 

3715 

.013320 

3793 

.015136 

.007200 
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COLUMN  186. 

Observed  Lata. 

Length  10  ft.  3 in.  Liameter  12  in. 

Gauge  length  100  in.  Age  when  tested,  58  days. 

Reinforcement,  1/4  in.  spiral  wire,  1 in.  center  to  center, 
soft  steel,  1.64%. 

Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Old 

Spring 

Arm 

Collar 

6500 

.0000 

.0000 

.0000 

.0000 

.0017 

.0000 

21500 

.0049 

.0053 

.0070 

.0064 

.0017 

.0005 

41500 

.0132 

.0130 

.0165 

.0164 

.0017 

.0007 

61000 

.0246 

. 0230 

.0278 

.0289 

.0017 

.0007 

80500 

.0410 

.0377 

.0444 

.0462 

.0017 

.0007 

100000 

.0643 

.0598 

.0586 

.0701 

.0017 

.0015 

120000 

.0991 

.0920 

.0934 

.1000 

.0016 

,0052 

140000 

.1570 

.1450 

.1519 

.1636 

.0015 

. 0136 

160000 

.2411 

.2250 

.2372 

.2492 

. 0069 

.0265 

180000 

.3585 

.3510 

.3647 

.3720 

.0322 

.0493 

200000 

.5120 

.5480 

.5590 

. 5490 

.0424 

.0611 

210000 

.6130 

.6450 

.6840 

.6480 

.0668 

.1612 

220000 

.7240 

.7880 

.8460 

.7630 

.0875 

.1887 

230000 

.867  1 

.010  1 

.066 

.942 

.1775 

233300 

.978  1 

.183  1 

.333  1 

.091 

.310 

233900 

Maximum  load 

• 

231000 

.981  1 

.428  1 

.602  1 

.240 

.448 

225500 

.981  1 

.642  1 

.761  1 

.238 

.540 
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COLUMH  186 
Computed  Data 


Unit  Loads 

Unit  Long. 

Unit  Transverse 

Deformation 

per  sq.  in. 

Deformation 

Arm 

Extensometer 

Solid 

Collar 

57 

.000000 

.000000 

.000000 

190 

.000059 

. 000000 

.000014^ 

568 

. CC0148 

.000000  ' 

. 000019  ^ 

559 

.000261 

.000000 

.000019- 

715 

.000425 

.000000 

.000019-^ 

885 

.000652 

.000000 

. 000042  ^ 

1062 

.000961 

.000010  2 

. 00014  T" 

1240 

.001561 

.000020^ 

.000578  / 
.000756  ' 
.001569 

1416 

.002581 

. 000100 

1595 

. 005615 

.0004053^3 

1770 

.005420 

.000525^3. 

. 000810  7 H 

. 001700^ 

1859 

.006475 

1948 

.007802 

. 00106-2  v 

2057 

.009712 

.002160 

.008610 

/ 

2064 

2068 

.011462 

^0C|0 

2061 

.014255 

.012450  - 

1995 

.015470 

.015000  ^ 
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COLUMN  187 


Observed  Lata. 

Length  10  ft.  2 l/4  in.  Liameter  12  in. 

Gauge  length  100  in.  Age  when  tested,  62  days. 

Reinforcement , 1/4  in.  spiral  wire,  1 in.  center  to  center, 
soft  steel,  1.71$ 


Load  Longitudinal  Transverse 

pounds  Extensometer  Readings  Extensometer  Readings 


I 

II 

III 

IV 

Spring 

Solid 

Old 

Collar 

Collar 

Arm 

6000 

.000 

.000 

.000 

.000 

.0000 

.0000 

. 0000 

20000 

.005 

.004 

.002 

.003 

.0000 

.0000 

.0000 

40000 

.011 

.009 

.007 

.007 

.0008 

.0010 

.0000 

62500 

.020 

.016 

.012 

.025 

.0008 

.0011 

,0050 

82000 

.025 

.020 

.018 

.021 

.0017 

.0027 

.0050 

102000 

.034 

.027 

.024 

.029 

.0032 

.0033 

.0050 

120000 

.042 

.035 

.032 

.037 

.0035 

.0033 

.0050 

142000 

.055 

.046 

.044 

.051 

.0060 

.0056 

.0050 

160000 

.068 

.057 

.055 

.064 

.0060 

.0065 

.0050 

180000 

.090 

.074 

.073 

.085 

.0060 

.0070 

.0045 

200000 

.104 

.097 

.100 

.112 

,0070 

.0078 . 

. 0020 

210000 

.104 

.116 

.116 

.130 

.0074 

.0094 

.0005 

220000 

.120 

,129 

.132 

.145 

.0085 

.0097 

. 0036 

230000 

.140 

.150 

.153 

.166 

. 0120 

.0123 

.0075 

240000 

.160 

.167 

.172 

.184 

.0135 

.0134 

.0114 

250000 

.178 

.186 

.193 

.205 

.0145 

.0160 

.0160 

260000 

.200 

.208 

.215 

.227 

.0174 

.0180 

.0190 

270000 

.225 

.234 

.240 

.246 

.0204 

.0224 

.0230 

280000 

.252 

.260 

.267 

.280 

.0240 

.0261 

. 0297 

290000 

.280 

.289 

,296 

.308 

.0270 

.0293 

.0353 

300000 

.309 

.318 

.324 

.335 

. 0304 

.0343 

.0415 

310000 

.340 

.349 

.356 

.370 

.0342 

.0386 

.0480 

320000 

.375 

.385 

.390 

.405 

.0404 

.0434 

.0555 

3300C0 

.410 

,422 

.427 

.443 

.0456 

• 

.0630 

340000 

.450 

.463 

.467 

.481 

.0496 

,0704 

350000 

.495 

.511 

.519 

.530 

.0570 

.0808 

360000 

.545 

.569 

.580 

.584 

.0673 

.0940 

370000 

.620 

.659 

.674 

.660 

.0792 

.1154 

380000 

.736 

.798 

.815 

.780 

.1662 

385000 

.910 

1.011 

1.158 

.975 

.2764 

385000 

Maximum  load. 

. 


COLUMN  187 


Computed  Data. 


Unit  Loads 

Unin  Long. 

Unit  Transverse 

Deformation 

>.  per  sq.  in. 

Deformation 

Arm 

Extensoraeter 

Average  of 
Collars 

53 

.000000 

.000000 

.000000 

177 

.000035 

.000000 

.000000 

354 

.000085 

.000000 

.000025 

554 

.000182 

.000000 

.000026 

727 

.000220 

.000000 

. 000058  ^ 

904 

.000285 

.000000 

.000092 

1062 

.000385 

.000000 

. 000095  ^ 

1258 

.000490 

.000000 

.000161^ 

1416 

.000610 

.000000 

.000174^ 

.000181 

1593 

. 000805 

. 00 0006 ^ 

1770 

.001042 

.000036/ 
.000060  $ 

.000206  ' 

. 000234  ^ 

1859 

.001210 

1946 

. 001360 

.000102 

.000253  ^ 

2033 

.001567 

.000149 

.000338  ~ 

2125 

.001752 

. 000195 

.000375^ 

2213 

.001950 

.000239 

.000420 

2302 

.002170 

.000286 

.000491 

2390 

.002407 

.000383 

. 000594  ^ 

2478 

.002692 

. 000413 

. 000696 

2565 

.002977 

.000480 

.000784* 
. 000900 

2655 

.003260 

.000553 

2742 

.003582 

.000631 

. 001011 

2835 

.003932 

.000720 

.001163 
. 0013-2-3 

2920 

. 004300 

.000810 

3009 

.004697 

.000896 

. 001433  / S 

3097 

.005182 

.001020 

, 00 1641"  1* 

3185 

.005740 

.001178 

.001930  rZ 

3275 

.006577 

.001433 

.002006  Uc 

3363 

.007867 

.002039 

3404 

.010180 

. 003345 

s 
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COLUMN  188. 


Observed  Lata 
Eccentric  Load 

Length  10  ft.  2 l/2  in.  Diameter  IE  in. 

Gauge  length  100  in.  Age  when  tested,  65  days. 

Reinforcement,  l/4  in.  spiral  wire,  1 in.  center  to  center 
soft  steel,  1.61$ 

Load  Longitudinal  Lateral  Bending 


pounds 

Extensometer  Readings 

South 

East 

I 

II 

III 

IV 

2500 

.000 

.000 

.000 

.000 

3.68 

0.46 

11300 

.001 

.001 

.001 

.005 

3.70 

.48 

21000 

.002 

.001 

.005 

.009 

3.70 

.48 

31000 

.003 

.001 

.010 

.014 

3.70 

.48 

40500 

.003 

.001 

.015 

.019 

3.72 

.48 

50500 

.003 

.000 

.021 

.024 

3.72 

.48 

60400 

.003 

.001 

.029 

.031 

3,74 

.48 

70000 

.003 

.001 

.036 

.033 

3.76 

.48 

80600 

.003 

.001 

.049 

.046 

3.78 

.48 

90500 

.002 

.001 

.059 

.056 

3.80 

.48 

100000 

.000 

.000 

.073 

.068 

3.82 

.48 

111000 

-.003 

— . 002 

.096 

.087 

3.86 

.48 

120600 

.007 

.005 

.122 

.107 

3.92 

.46 

130000 

.015 

.010 

.154 

.134 

3.98 

.46 

140000 

.032 

.023 

.215 

.185 

4.12 

.44 

147000 

.084 

.058 

.310 

.289 

4.40 

120000 

— .267 

— ; 215 

.580 

.463 

5.30 

= 


COLUMN  188 


Computed  Lata. 
Eccentric  Load 


Unit  Loads  Unit  Long. 


lb 


per  sq. 

in.  Deformation 

Lateral 

Bending 

Convex 

Concave 

South 

East 

side 

side 

in. 

in. 

22 

.000000 

. 000000 

0.00 

0.00 

100 

.000000 

.000030 

0.02 

0.02 

186 

.000005 

.000070 

0.02 

0.02 

274 

. 000010 

.000120 

0.02 

0.02 

358 

.000010 

.000170 

0.04 

C . 02 

447 

.000015 

.000225 

0.04 

0.02 

534 

.000020 

.000300 

0.06 

0.02 

620 

.000020 

.000345 

0.08 

0.02 

713 

. 000020 

.000475 

0.10 

0.02 

801 

.000015 

.000575 

0.12 

0.02 

885 

.000000 

.000705 

0.14 

0.02 

983 

—.000025 

.000915 

0.18 

0.02 

1065 

.000060 

.001145 

0.24 

0.00 

1151 

.000125 

.001440 

0.30 

0.00 

1239 

.000275 

.002000 

0.44 

0.02 

1301 

.000710 

.002995 

0.^2 

1062 

- .002410 

.005215 

1.62 
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PLAIN  COLUMNS 


S TRESS-DOORMAT  I ON  DIAGRAMS 
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BAND-HOOPED  COLUMNS 


STRESS-DEFORMAT I ON 


DIAGRAMS 
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COLUMA/  No  137 

Length  10  ft  /£w. 

No  / 2 > / jn  hoops 

Spaced  2 /h.  0/7  center  j 

fx&inforceff7e‘/i/'  2.0TJ  p<er  cerf 

C&ncr&m.  \ ' J ,,j  1 | ...  .;  , , ; (|j[  1, 
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COLUMN 


Max/muf?? 


P&f or  motion 


Uttif 


178 


/?o 
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SPIRAL-HOOPED  COLUMNS 


STR.US  S-HTFORMATI  ON  DIAGRAMS 
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